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AUTHOR'S PREFACE. 



In the composition of this Work the Author haa had in view the 
satisfaction of those who desire to obtain a knowledge of the ele- 
ments of physics without pursuing them through their mathematical 
consequences and details. The methods of demonstration and illus- 
tration, have accordingly been adapted to such readers. 

The Work has been also composed with the object of supplying 
that information relating to physical and mechanical science^ which 
is required by the Medical and Law Student, the Engineer, and 
Artisan, by those who are preparing for the universities, and, in 
short, by those who, having already entered upon the active 
pursuits of business, are still desirous to sustain and improve their 
knowledge of the general truths of physics, and of those laws by 
which the order and stability of the n^aterial world are main- 
tained. 

According to the original plan of the Work, it was intended to 

comprise Astronomy and Meteorology in the present volume, and so 

to complete the series. It was found, however, that these subjects, 

treated with the fullness and clearness commensurate with their 

importance, would swell the volume to an objectiong-ble bulk ; and 

the publishers considered they would best consult the interests and 

conveniences of purchasers, by consigning Astronomy and Meteor- 
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Vm AUTHOR'S PREFACE. 

ology to a separate volume. These will, therefore, form the third 
and concluding course of this Handbook. 

Facility of reference has been presented by the copious analytical 
tables of contents prefixed to the present and the former volume, as 
well as by the distinct titles prefixed to every paragraph, and by the 
Index given at the end of the volume. 

It is intended to annex to the concluding volume a general Inde^ 
to the three courses, which will confer upon the work all the useful 
qualities of a compendious Encyclopaedia of Physical and Astro- 
nomical Science. 
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CHAPTER I. 

PRELIMINARY PRINCIPLES AND DEFINITIONS. 

1304. Heat, like all other physical agentS; is manifested and 
measured by its effects. 

1306. Sensible heat — One of the most familiar of these effects 
is the sense of more or less warmth which a body, when it receiyes 
or loses heat, produces upon our organs. 

When the heat received or lost by a body is attended with this 
sense of increased or diminished warmth, it is called sensible heat. 

1306. Insensible heat — But it will occur in certain cases that a 
body may receive a very large accession of heat without any increased 
sense of warmth being produced by it, and may, on the other hand, 
lose a considerable quantity of heat without exciting any diminished 
sense of warmth. The heat which a body would thus receive or lose 
without affecting the senses, is called latent heat. 

1307. Dilatation and contracticm, — When a body receives or loses 
heat, it generally suffers a change in its dimensions, the increase of 
heat being usually attended with an increase, and the diminution of 
heat with a diminution of volume. 
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This enlargement of volume due to the accession of heat is called 
dilatation, and the diminution of volume attending the loss of heat 
is called contra/:tion. 

There are, however, certain exceptional cases in which heat, whether 
received or lost, is attended with no change of volume, and others in 
which changes take place the reverse of Uiose just mentioned; that 
is to say, where an accession of heat is accompanied by a diminution^ 
and a loss of heat with an increase of volume. 

1308. lAquefaction and solidification. — If heat be imparted in 
sufficient quantity to a solid body, it will pass into the liquid state. 
Thus, ice or lead, being solid, will become liquid by receiving a suffi- 
cient accession of heat. This change is called yWon or liqiLefaction, 

If heat be abstracted in sufficient quantity from a body in the 
liquid state, it will pass into the solid state. Thus, water or molten 
lead losing heat in sufficient quantity will become solid. This change 
is called congdaiion or solidification ; the former term being applied 
to substances which are usually liquid, and the latter to those that 
are usually solid. 

1309. Vaporization and condensation. — If heat be imparted in 
sufficient quantity to a body in the liquid state, it will pass into the 
state of vapour. Thus, water being heated sufficiently will pass into 
the form of steam. This change is called vaporization. 

If a body in the state of vapour lose heat in sufficient quantity, it 
will pass into the liquid state. Thus, if a certain quantity of heat 
be abstracted from steam, it wiU become water. 

This change is called condensation ; because, in passing from the 
vaporous to the liquid state, the body always undergoes a very con- 
siderable diminution of volume, and therefore becomes condensed. 

1310. Incandescence. — Heat, when imparted to bodies in a cer- 
tain quantity, will in some cases render them luminous. 

Thus, if metal be heated to a certain degree, it will become red- 
hot; a term signifying merely that it emits red light. This luminous 
state, which is consequent on the accession of heat, is called incan- 
descence. 

The more intense the heat is which is imparted to an incandescent 
body, the more white will be the light which it emits. When it 
first becomes luminous, it emits* a dusky red light. The redness 
becomes brighter as the heat is augmented, until at length, when the 
heat becomes extremely intense, it emits a white light resembling 
solar light. 

A* bar of iron submitted to the action of a furnace will exhibit a 
succession of phenomena illustrative of this. 

1311. Combustion. — Certain bodies, when surrounded by atmos- 
pheric air, being heated to a certain degree, will enter into chemical 
combination with the oxygen gas which forms one of the constituents 
of the atmosphere. 
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This combination will be attended with a large development of 
heat, which is accompanied usually by incandescence and flame. 

This phenomenon is called comhristion, and the bodies which are 
susceptible of this effect are called combustibles. 

The flaine, which is one of the effects of combustion, is gas ren- 
dered incandescent by heat. 

1312. Thermometers and pyrometers. — The degree of sensible 
heat by which a body is affected, is called its temperature, and the 
instruments by which the temperature of bodies is indicated and 
measured are called thermometers and pyrometers ; the latter term 
being applied to those which are adapted to the measurement of the 
higher order of temperatures. 

Changes of temperature are indicated and measured by the change 
of volume which they produce upon bodies very susceptible of dilata- 
tion. Snch bodies are called thermoscopic bodies. The principal of 
these are, for thermometers, mercury, alcohol, and air; and, for 
pyrometers, the metals, and especially those which are most difficult 
of fusion. 

1313. Conduction. — When heat is communicated to any part of 
a body, the temperature of that part is momentarily raised above the 
general temperature of the body. This excessive heat, however, is 
gradually transmitted from particle to particle throughout the entire 
volume, until it becomes uniformly diffused, and the temperature of 
the body becomes equalized. 

This quality, in virtue of which heat is transmitted from particle 
to particle throughout the volume of a body, is called conductibility. 

Bodies have the quality of conductibility in different degrees ; those 
being called good conductors in which any inequality of temperature 
is quickly equalized, the excess of heat being transmitted with great 
promptitude and facility from particle to psoticle. Those in which 
it passes more slowly and imperfectly through the dimensions of a 
body, and in which, therefore, the equilibrium of temperature is more 
slowly established, are called imperfect conductors. Bodies, ia which 
the excess of heat fails to be transmitted from particle to particle 
before it has been dissipated in other ways, are called non-conductors. 

The metals in general are good conductors, but different metals 
have different degrees of conductibility. The earths and woods are 
bad conductors, and soft, porous, and spongy substances still worse. 

1314. Radiation. — Heat is propagated from bodies which contain 
it by radiation in the same manner, and according to nearly the same 
rules, as those which govern the radiation of light. Thus, it pro- 
ceeds in straight lines from the points whence it emanates, diverging 
in every direction, these lines being called thermal rays. 

1315. Diathermanous m^ia. — Certain bodies are pervious to 
the rays of heat, just as glass and other transparent media are per- 
vious to the rays of light. They are called diathermanous or trans- 
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calent bodies. Thus, atmospbeFic air and gaseous bodies in general 
are diathermanous. 

The rays of heat are reflected and refracted according to the same 
laws as those of light. They are collected into foci by spherical 
mirrors and lenseS; they are polarized both by reflection and refrac- 
tion,, and are subject to all the phenomena of double lefraction by 
certain ciystals in a manner analogous to that already explained in 
relation to the rays of light. 

Bodies are diathermanous in different degrees. 

Imperfectly diathermanous bodies transmit some of the rays of 
heat which impinge on them, and absorb others ; the portions which 
they absorb raising their temperature; but those which they transmit 
not affecting their temperature. 

1316. Reflection of heat — The surfaces 6f bodies also reflect 
heat in different degrees; those rays which they do not reflect they 
absorb or transmit. The processes of transmission, absorption, and 
reflection vary with the nature of the body and the state of its sur- 
face with respect to smoothness, roughness, or colour. 

1317. Refraction of heat — Rays of heat, like those of light, 
are differendy re&angible. 

1318. Different senses of the terms heat and caloric, — The term 
heat is used in different senses : first, to express the sensation pro- 
duced when we touch a heated body or are surrounded by a hot me- 
dium ; secondly, to express the quality of the body by which this 
sensation is produced; and thirdly, to express the physical agent, 
whatever it be, to. which the quality of the body is due. Notwith- 
standing these different senses of the same term, no confusion or 
obscurity arises in its use, the particular sense in which it is applied 
being generally evident by the context ; nevertheless it were to be 
desired that writers on physics could agree upon a nomenclature more 
definite. 

The term caloric has been proposed, and to some extent adopted, 
to express the physical agent to which the effects of heat are due. 

1319. Hypotheses to eocplain thermal phenomena. — Two hypo- 
theses have been proposed to explain the phenomena of heat. The 
first regards heat as an extremely subtle fluid pervading all ^pace, 
entering into combination in various proportions and quantities with 
bodies, and producing by this combination the effects of expansion, 
fusion, vaporization, and all the other phenomena above mentioned. 
The second hypothesis regards it as the effect of the vibration or 
undulation, produced either in the constituent molecules of bodies 
themselves, or in a subtle impenetrable fluid which pervades them. 

In the present Book the effects of heat will be explained independ- 
ently of hypothesis; and, when they have been fully developed, 
the different theories proposed for thoir explanation will be stated. 
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1320. Measures of temperature, — Of all the various effects of 
heat, that which is hest adapted to indicate and measure temperature 
is dilatation and contraction. The same body always has the same 
volume at the same temperature, and always suffers the same change 
of volume with the same change of temperature. 

Since the volume and change of volume admit of the most exact 
measurement and of the most precise numerical expression, they 
become the means of submitting the degrees of warmth and cold, or^ 
which is the same, the degrees of temperature; to arithmetical mea- 
sure and expressibn. 

1321. Thermosoopic svhstances, — Although all bodies whatever 
are susceptible of dilatation and contraction by change of tempeiaturCi 
they are not equally convenient for thermoscopio agents. 

'For reasons which will become apparent hereafter, the most avail- 
able thermosoopic substance for general purposes is mercury. 

1322. Mercurial thermometer, — The mercurial thermometer con- 
sists of a capillary tube of glass, at one end of which a thin spherical 
or cylindrical bulb is blown^ the bulb and a part of the tube being 
filled with mercury. 

When such an instrument is exposed to an increase of temperature, 
the glass and mercury will both expand. If they expanded in the 
same proportion, the capacity of the bulb and tube would be enlarged 
in the same proportion as the mercury contained in them, and; 
consequently, the column of mercury in the tube would neither 
rise nor fall, since the enlargement of its volume would be exactiy 
equal to the enlargement of the capacity of the bulb and tube. If, 
however, the expansion of the bulb and tube be different from that 
of the mercury, the column in the tube will, after expansion, stand 
higher or lower than before, according as the expansion of the mer- 
cury is greater or less than the expansion of the bulb and tube. 

It is found that the dilatability of mercury is greater than the 
dilatability of glass in the proportion of nearly 20 to 1, and, conse- 
quentiy, the capacity of the bulb and tube will be less enlarged than 
the volume of the mercury contained in them in the proportion of 
nearly 1 to 20 3 consequently, for the reason above stated, every 
elevation of temperature by which the mercury and tube would be 
affected will cause tt^e column of mercury to rise in the tube, and 
every diminution of temperature will cause it to fall. 

The space through which the mercury will rise in the tube by a 
given increase of temperature will be greater or less according to the 

3* 
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proportion which the tube bears to the capacity of the bulb. Tho 
smaller the proportion the tube bears to the capacity of the bulb, the 
greater will be the elevation of the column produced by a given in- 
crease of temperature ; for a given increase of temperature will pro- 
duce a definite increase of volume in the mercury, and this increase 
of volume will fill a greater space in the tube in proportion to the 
smallness of the tube compared with the capacity of the bulb. 

Such an instrument, without other appendages or preparation, 
would merely indicate such changes of temperature in a given place 
as would be sufficient to produce visible changes in the elevation of 
the column of mercury sustained in the tube. To render it useful 
for the purposes of science and art, and in domestic economy, various 
precautions are necessary, which have for their object to render the 
indications of difierent thermometers comparable with each other, and 
to supply exact numerical indications of measurement of the changes 
of temperature. 

1323. PteparcUion of the mercury, — For this purpose it is ne- 
cessary, in the first instance, that the mercury with which the tube 
is filled shall be perfectly pure and homogeneous. This object is 
attained by the same means as have been already explained in the 
case of the barometer. (See Handbook of Hydrostatics, Hydraulics, 
Pneumatics, and Sound, 715.) 

1324. Selection of the tuhe. — In the selection of the tube it is 
necessary that it be capillary, that is to say, a tube having an ex- 
tremely small bore, and that the bore should be of uniform magni- 
tude throughout its entire length. 

The smallness of the bore is essential to the sensibility of the 
instrument, as already explained ; and its uniformity is necessary in 
order that the same change of volume of the mercury should cor- 
respond to the same length of the column in every part of the 
tube. 

The uniformity of the bore of the tube may be tested by letting 
into it a small drop of mercury, sufficient to fill about a third of an 
inch of the tube. Let this be made to fall gradually through the 
entire length of the tube, stopping its motion at intervals, and let 
the space it occupies at different parts of the tube be measured. If 
^ this space be everywhere the same, the bore is uniform ; if not, the 
tube must be rejected. 

1325. Formation of the bulb, — The bulb, whether spherical or 
cylindrica.!, can be formed upon the end of the tube by the ordinary 
process of glassblowing. The sensibility of the thermometer requires 
that the capacity of the bulb should bear a lai?ge proportion to the 
calibre of the tube. If, however, the capacity of the bulb be con- 
siderable, the quantity of mercury it contains may be so great that 
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it will not be aflfected by the temperature of the surroiindiDg medium 
with sufficient promptitude. 

A cylindrical bulb of the same capacity will be more readily af- 
fected by the temperature of the surrounding medium than a sphe- 
rical bulb, since it will expose a greater surface. 

The glass of which the bulb is formed should be, as thin as is 
compatible with the necessary strength, in order that the heat may 
pass more freely from the external medium to the mercury. 

1326. Introduction of the mercury. — The tube to be filled is 
represented in^^. 425., where B A o is the tube, and c D a reservoir 
jj formed at the top for the purpose of filling it, which is to 
be afterwards detached. Let the tube be first dried by 
holding it over the flame of a spirit-lamp, so as to evaporate 
^ C and expel all moisture which may be attached to the inner 
surface of the glass. To fill it, let a quantity of purified 
mercury be poured into the reservoir c D. This will not 
fall through the bore, being prevented by the air included 
in the reservoir A B and in the tube. To expel this, and 
cause the mercury to take its place, let the tube be placed 
in an inclined position over a charcoal fire or the flame of 
a spirit-lamp, so that the air shall be heated. When heated 
it will expand, force itself in bubbles through the mercury 
in c D, and escape into the atmosphere. This will continue 
j^ until all the air in the bulb A b and in the tube A c has 
been expelled. The pressure of the atmosphere acting on 
B the mercury in c D will then force it through the tube into 
Fig. 426. the bulb A B, which, as well as the entire length of the 
tube, it will ultimately fill. If a sufficient quantity of 
mercury be supplied to the reservoir c D, the bulb A B, the tube A c, 
and a part of the reservoir c D, will be filled with mercury after all 
the air has been expelled. 

When this has been accomplished, let the tube be removed from 
the source of heat, and allowed gradually to cool, A file applied at 
c, where the top of the tube is joined to the superior reservoir, 
detaches that reservoir from the tube, which remains with the bulb 
A B completely filled with mercury. 

In this state the instrument would give no indication of change of 
temperature, no space being left for exhibiting the play of the mer- 
cury by dilatation and contraction. 

To obtain space for this, let the bulb A B be exposed to a tempera- 
ture higher than any which the instrument is intended to indicate. 
The mercury dilating will then overflow, and will continue to over- 
flow until the mercury acquires the extreme temperature to which it 
is exposed. 

A jet of flame being now directed by a blow-pipe on the end c, it 
will be hermetically sealed ; after which, being allowed to cool, the 
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mercurial column will subside, the space in the tube above it being a 
vacuum, since the air is expelled. The column will continue to sub- 
side until the mercury assumes that state which corresponds to the 
temperature of the air surrounding the instrument. 

1327. Thermometric scale arbitrary, — The variation of the height 
of the mercurial column in such a tube will in all cases correspond 
with the changes of temperature incidental to the surrounding me- 
dium ; but in order that it may supply a numerical expression and 
measure of such changes, a scale must be attached to the tube, by 
which the variations of the column may be indicated, and the divi- 
sions or the units of such scale must correspond to some known 
change of temperature. It is evident that such a scale, like all other 
standards for the arithmetical measure of physical effects, must be to 
some extent arbitrary. We accordingly find different scales and dif- 
ferent thermometric units prevailing in different countries^ and even 
in the same country at different times. 

1328. Standard points, — Division of scale, — Whatever ther- 
mometric unit be adopted, it is necessary that two standard tempera- 
tures be selected, to which the mercury can be reduced at the times 
and places where thermometers may be required to be constructed or 
verified. The instrument being exposed to these two temperatures, 
the points at which the mercurial column stands are marked upon 
the scale. The space upon the scale between these points is then 
divided into a certain number of equal parts, which are called degrees, 
these degrees being the thermometric unit. The same divisions are 
then continued upon the scale above the higher and below the lower 
standard point, and such divisions may be continued indefinitely. 
The scale is then complete. 

In this process, the number of equal parts into which the space 
between the standard points is divided, is altogether arbitrary. 

1329. Numeration of scale, — Zero point, — It now remains to 
number the scale ; and, for this purpose, a zero point must be selected. 
If there existed a minor limit to temperature, a temperature below 
which no body could possibly fall, then such a temperature would 
supply a natural thermometric zero, and the scale might be numbered 
upwards from it. 

1330. No natural zero, — In that case, although the thermometric 
unit would still remain arbitrary, the zero of the scale would not be 
so. But no such natural thermometric zero exists. 

There is no natural limit either to the increase or diminution of 
temperature. The zero, therefore, of the thermometric scale, like 
the thermometric scale itself, must be arbitrary. 

1331. Phenomena fit to supply standard points, — Thermal phe- 
nomena present great varieties of standard temperatui^s, by which 
thermometric scales may be established, and which may serve equally 
83 terms of temperature for the purpose of distinguishing the indi- 
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cations of different thermometers constructed at different times and 
places. Thus, the temperatures at which all solid bodies fuse, and 
those at which all liquids congeal, are fixed. For different bodies 
these are different, but always the same for the same body. In like 
manner, the temperatures at which all liquids boil under a given 
pressure are invariable for the same liquids, though different for dif- 
ferent liquids. The temperature of the blood in the human species 
presents another example of a fixed temperature. 

1332. Freezing and boiling points of water adopted hy common 
consent — Now any two of these various temperatures naturally fixed 
might be taken as the thermometric standards, the choice being alto- 
gether arbitrary. Thus, it appears that the arithmetical division of 
the scale, and consequently the thermometric unit, the position of its 
zero, and, in fine, the standard temperatures by which alone the indi- 
cation of different thermometers can be rendered comparable,, are 
severally arbitrary. Unanimity, nevertheless, has prevailed in the 

' selection of standard temperatures. The temperature at which ice 
melts, and that at which distilled water boils, when the barometer 
stands at 29*8 inches, have been adopted in all countries as the two 
temperatures with reference to which thermometric scales are con- 
structed. 

1333. Determination of these points. — The bulb and tube, as 
already described, being filled with pure mercury, and a blank scale 
being attached to the tube, the instrument is immersed successively 
in melting ice and boiling water, and the points at which the mercu- 
rial column stands in each case are marked upon the scale. The 
former is called the freezing pointy and the latter the boiling point 

1334. Different therm^ometric units and zeros, — Fahrenheit's 
scale, — The same unanimity has not prevailed either as respects the 
unit or the thermometric zero. In England, Holland, some of the 
German States, and in North America, the interval between the 
freezing and boiling points is divided into 180 equal parts, each 
part representing the thermometric unit. The scale is continued by 
equal divisions above the boiling and below the freezing points. 

The zero is placed at the thirty-second division below the freezing 
point J so that, on this scale, the freezing-point is 32°, and the boiling 
point 32° + 180° = 212°. 

This scale is known as Fahrenheit's, and was adopted about 1724. 

The reason for fixing the zero of the scale at 32° below the freezing 
point is, that that point indicated a temperature which was at that 
time believed to be the natural zero of temperature, or the greatest 
degree of cold which could exist, being the most intense cold which 
had been observed in Iceland. 

We shall see hereafter that much lower temperatures, natural and 
artificial, have been since observed. , 

The divisions of the interval between the freezing and boiling 
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points into 180 equal parts was founded upon some inexact supposi- 
tion connected with the dilatation of mercury. 

The divisions of this scale are continued in the same manner below 
zero, such divisions being considered negative, and expressed by the 
negative sign prefixed to them. Thus, +32° signifies 32° above zero, 
but —32° signifies 32° below zero. 

1335. Centigrade scale. — In France, Sweden, and some other 
parts of Europe, the centigrade scale prevails. 

In this scale the interval between the freezing and boiling points 
is divided into 100 equal parts, and the zero is placed at the freezing 
point. 

1336. Reaumur's scale, — In some countries the scale of Reau- 
mur is used, in which the interval between the freezing and boiling 
points is divided into eighty equal parts, the zero being placed at the 
freezing point. 

1337. Methods of computing the temperature axxording to any 
one scale when the temperature aecording to any other is given. — 
As all these scales are' used to a greater or less extent in different 
parts of the world, it will be necessary to establish rules by which 
the temperature expressed by any one of them may be converted 
into the corresponding temperature expressed by any other. 

Since the numbers of degrees into which the interval between 
the freezing and boiling points is divided on the three scales are 180, 
100, and 80 respectively, it follows that 18° Fahrenheit are equal to 
10° centigrade and to 8° Reaumur; or that 9° Fahrenheit, 5° centi- 
grade, and 4° Reaumur are represented by equal lengths of the scales. 
Hence are inferred the following rules : — 

1. To reduce any number of Fahrenheit degrees to an equivalent 
number of centigrade or Reaumur degrees, divide by 9, and multiply 
by 5 for centigrade, and by 4 for Reaumur. 

2. To reduce any number of centigrade degrees to an equivalent 
number of Fahrenheit or Reaumur, divide by 5, and multiply by 9 
for Fahrenheit, and by 4 for Reaumur. 

3. To reduce any number of Reaumur degrees to an equivalent 
number of Fahrenheit or centigrade, divide by 4, and multiply by 9 
for Fahrenheit, and by 5 for centigrade. z 

If it be required to reduce any temperature expressed by one scale 
to the equivalent temperature expressed by another, the preceding 
rules will be sufficient for the centigrade and Reaumur, inasmuch as 
they have the same zero. But when it is required to reduce the 
temperature of Fahrenheit to the equivalent temperature on the other 
scales, it is necessary first to subtract from the temperature of Fahr- 
enheit 32° (the distance between the two zeros), and then apply the 
preceding rule, or if it be required to reduce a temperature on the 
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oentigrade or Beamnnr to an equivalent temperature on Falirenheit^ 
first apply the preceding rules and then add 82°. 

These principles are expressed briefly by the following formulaB, 
in which F^ C; and R express the same temperature upon the three 
scales: — 

C = |X (^-32), 

R = |x (r-32), 

r = | X c+32=:| XR + 32. 

Two or all the three scales are sometimes attached to the same ther<- 
mometer, so that equivalent temperatures are evident on inspection. 

Such reductions may also be facilitated by the following table, 
showing the temperatures by the scales of Fahrenheit and Beaumur 
which are equivalent to those of the centigrade. 

TaMe for converting the centigrade Thermometer into Degrees of 
Reaumur and Fahrenheit s Thermometer, 



Cent. 


Reau. 


Fahr. 


Cent. 


Reau. 


Fahr. 


Gent. 


Reau. 


Fahr. 


Cent. 


Reau. 


Fahr. 


lOO 


80- 


212 


64 


51-2 


147-2 


29 


23-2 


84-2 


-6 


—4-8 


Sl-2 


99 


79-2 


210-2 


63 


50-4 


145-4 


28 


23-4 


82-4 


7 


5-6 


19-4 


98 


78-4 


208-4 


62 


49-6 


143-6 


27 


31-6 


80-6 


8 


6-4 


17-6 


97 


77-6 


S06-6 


61 


48-8 


141-8 


26 


20-8 


78-8 





7-2 


15-8 


96 


76-8 


204-8 


60 


48- 


140- 


25 


20- 


77- 


10 


8- 


14- 


95 


76- 


203- 


59 


47-2 


138-2 


24 


19-2 


75-2 


11 


8-8 


13-3 


94 


75'2 


901-2 


58 


46-4 


136-4 


23 


18-4 


73-4 


13 


9-6 


10-4 


93 


74-4 


199-4 


57 


45-6 


134-6 


22 


17-6 


71-6 


13 


10-4 


8-6 


92 


73-6 


197-6 


56 


44-8 


132-8 


21 


16-8 


69-8 


14 


11-2 


6-8 


91 


73-8 


195-8 


55 


44- 


131- 


20 


16- 


68- 


15 


12. 


5- 


90 


72- 


194- 


54 


43-2 


129-2 


19 


15-2 


66-2 


16 


12-8 


3-3 


89 


7] -2 


192-2 


53 


42-4 


127-4 


18 


14-4 


64-4 


17 


13-6 


1-4 


88 


70-4 


190-4 


52 


41-6 


125-6 


17 


13-6 


63-6 


18 


14-4 


-0-4 


87 


69-6 


188-6 


51 


40-8 


123-8 


16 


12-8 


60-8 


19 


15-2 


3-2 


86 


68-8 


186-8 


50 


40- 


122- 


15 


12- 


59- 


20 


16- 


4- 


85 


68- 


185- 


49 


39-2 


120-2 


14 


11-2 


57-2 


21 


16-8 


5-8 


84 


67-2 


183-2 


48 


38-4 


118-4 


13 


10-4 


55-4 


22 


17-6 


7-6 


83 


66-4 


181-4 


47 


37-6 


116-6 


12 


9-6 


53-6 


S3 


18-4 


9-4 


82 


65-6 


179-6 


46 


36-8 


114-8 


11 


8-8 


51-8 


24 


19-2 


11-3 


81 


64-8 


177-8 


45 


36- 


113- 


10 


8- 


50- 


25 


20- 


13- 


80 


64- 


176- 


44 


35-2 


111-2 


9 . 


7-2 


48-2 


26 


20-8 


14-8 


79 


63-2 


174-2 


43 


34-4 


109-4 


8 


6-4 


46-4 


27 


21-6 


16-6 


78 


63-4 


172-4 


• 42 


33-6 


107-6 


7 


5-6 


44-6 


28 


22-4 


18-4 


77 


616 


170-6 


41 


32-8 


105-8 


6 


4-8 


42-8 


29 


232 


20-2 


76 


60-8 


168-8 


40 


32- 


104- 


5 


4- 


41- 


30 


24- 


22- 


75 


60- 


167- 


39 


31-2 


102-2 


4 


3-2 


39-2 


31 


24-8 


23-8 


74 


59-2 


165-2 


38 


30-4 


100-4 


3 


2-4 


37-4 


32 


25-6 


25-6 


73 


58-4 


163-4 


37 


29-6 


98-6 


2 


1-6 


35-6 


33 


26-4 


27-4 


72 


57-6 


161-6 


36 


28-8 


96-8 


1 


-0-8 


3.3-8 


34 


27-2 


29-2 


71 


56-8 


159-8 


35 


28- 


95- 





0- 


32- 


35 


28- 


31- 


70 


56- 


158- 


34 


272 


93-2 


—1 


0-8 


30-2 


36 


28-8 


32-8 


69 


55-2 


156-2 


33 


26-4 


91-4 


2 


1-6 


28-4 


37 


29-6 


34-6 


68 


54-4 


154-4 


33 


25-6 


89-6 


3 


2-4 


26-6 


38 


30-4 


36-4 


67 


53-6 


152-6 


31 


24-8 


87-8 


4 


3-2 


24-8 


39 


31-2 


38-2 


66 


52-8 


1508 


30 


24- 


86- 


5 


4- 


23- 


40 


32- 


40- 


65 


52- 


149- 





















In practice, degrees of the centigrade thermometer will be most 
easily converted into those of Fahrenheit's by the following Rule : 
'' Multiply the centigrade degrees by 2, subtract one-tenth, and add 
32." 
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1338. Rate of dilatation of mercury. — It has been ascertained 
by experiment, thaKmeroury, when raised from 32° to 212®, suffers 
an increment of volume amounting to 2-11 Iths of its volume at 32°. 
Thus, 111 cubic inches of mercury at 32° will, if raised to 212°, 
become 113 cubic inches. From this may be deduced the increment 
of volume which mercury receives for each degree of temperature. 
For, since the increase of volume corresponding to an elevation of 
180° is jf Y of its volume at 32*, we shall find the increment of 
volume corresponding to one degree by dividing jf j by 180, or, what 
is the same, by dividing jiy by 90, which gives t^A^. It follows, 
therefore, that for each degree of temperature by which the mercury 
is raised, it will receive an increment of volume amounting to the 
9990th part of its volume at 32°. It follows, therefore, that the 
weight of mercury which fills the portion of a thermometric tube 
representing one degree of temperature, will be the 9990th part of 
the total weight contained in the bulb and tube. 

1339. Its dilatation uniform between the standard points, — In 
adopting the dilatation of mercury as a measure of temperature, it is 
assumed that equal dilatations of this fluid are produced by equal 
increments of heat. Now, although it is certain that to raise a given 
quantity of mercury from the freezing to the boiling point will always 
require the same quantity of heat, it does not follow that equal incre- 
ments of volume will correspond to equal increments of heat through- 
out the whole extent of the thermometric scale. Thus, although the 
same quantity of heat must always be imparted to the mercury con- 
tained in the tube to raise it from 32° to 212°, it may happen that 
more or less heat may be required to raise it from 32° to 42°, than 
from 202° to 212°. In other words, the dilatation produced by 
equal increments of heat, in different parts of the scale, might be 
variable. Experiments conducted, however, under all the conditions 
necessary to ensure accurate results, have proved that mercury iS 
uniformly dilated between the freezing and boiling points, or that 
equal increments of heat imparted to it produce equal increments of 
volume. The same uniform dilatation prevails to a considerable 
extent of the scale above the boiling and below the freezing points ; 
but at extreme temperatures this uniformity of expansion ceases, aa 
will be more fully explained hereafter. 

1340. Use of a standard thermometer, — A thermometer having 
once been carefully graduated may be used as a standard instrument 
for graduating other thermometers, just as good chronometers once 
accurately set are used as regulators for other time-pieces. To gra- 
duate a thermometer by means of such a standard, it is only necessary 
to expose the two instruments to the same varying temperatures, and 
to mark upon the blank scale of that which is to be graduated two 
points corresponding to any two temperatures shown by the standard 
thermometer, and then to divide the scale accordingly. 
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Tbos, for example, if the two instmmtiits be immersed in warm 
water and the column of the standard thermometer be observed to 
indicate the temperature of 150°, let the point at which the mercury 
stands in the other thermometer be marked upon its scale. 

Let the two instruments be then immersed in cdd water, and let 
us suppose that the standard thermometer indieates 50°. Let the 
point at which the instrument to be graduated stands be then marked. 
Let the intervals of the scale between these two points, thus corre- 
sponding to the temperatures ef 50° and 150°, be divided into one 
hundred equal parts ; each part will be a degree in the scale, which 
may be continued by like divisions above 150° and below 50°. 

1341. Range of the scale of thermometers varies totth the purpose 
to which they are applied, — The range of the scale of thermometers 
is determined by the purpose to which they are to be applied. Thus; 
thermometers intended to indicate the temperature of dwelling-houses 
need not range above or below the extreme temperatures of the air, 
and the scale does not usually extend much below the freezing point 
nor above 100° ) and thus the sensitiveness of the instrument may 
be increased, since a considerable length of the tube may represent a 
limited range of the scale. 

1342. Qualities which render mercury a convenient thermoscopic 
fluid. — Mercury possesses several thermal qualities which render it 
a convenient fluid for common thermometers. It is highly sensitive 
to change of temperature, dilating with promptitude by the same 
increments of heat with great regularity and tiirough a considerable 
range of temperature. It will be shown hereafter that a smaller 
quantity of heat produces in it a greater dilatation than in most other 
liquids. It freezes at a very low and boils at a very high tempera- 
ture. At the temperatures which are not near these extreme limits, 
it expands and contracts with considerable uniformity. 

The freezing point of mercury being — 40°, or 40° below zero, 
and its boiling point + 662°, such a thermometer will have correct 
indications through a very large range of temperature. 

1343. Bulbs liable to a permanent change of capacity, which 
renders correction of scale necessary. — It has been found that, from 
some physical causes which are not satisfactorily explained, the bulbs 
of thermometers are liable to a change of magnitude after the lapse 
of a certain time. It follows from this that a thermometer, though 
accurately graduated when first made, may become at a later period 
erroneous in its indications ; since a diminution of the capacity of the 
bulb would cause the standard points and all other temperatures to 
be raised upon the scale. To obviate this, thermometers used for 
purposes requiring much precision ought to be verified from time to 
time by comparison with well-constructed standards, or by exposure 
to the standard temperatures. 

It is also found that ^ change of magnitude is produced in the 

IT. 4 
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bnlb of a thermometer by sudden changes of temperature^ which 
render verification necessary. (See Appendix). 

1344. Self-regiMering thermometers. — It is sometimes needed, 
in the absence of an observer, to ascertain the variations which may 
have taken place in a thermometer. Instruments called self-regu- 
lating thermometers have been contrived; which partially serve this 
purpose by indicating, not the variations of the mercurial column, but 
the limits of its play within a given time. This is accomplished by 
floating indices placed on the mercury within the tube, which are so 
adapted that one is capable of being raked with the column, but not 
depressed, and the other of being depressed but not raised. The 
consequence is, that one of these indices will remain at the highest, 
and the other at the lowest point which the mercurial column may 
have attained in the interval, and thus register the highest point and 
lowest point of its range. 

The self-regulating thermometers on this principle which are the 
best known are Six's and Rutherford's. 

1346. Spirit of wine thermometers. — Alcohol is frequently used 
as a thermoscopic liquid. It has the advantage of being applicable 
to a range of temperature below the freezing point of mercury ; no 
degree of cold yet observed in nature or attained by artificial pro- 
cesses having frozen it. It is usually coloured so as to render the 
column easily observable in the tube. 

1346. Air thermometers. — Atmospheric air is a good thermo- 
scopic fluid. It has the advantage over liquids in ret£uning its gas- 
eous state at all temperatures, and in the perfect uniformity of its 
dilatation and contraction. It is also highly sensitive, indicating 
changes of temperature with great promptitude. Since, however, it 
is not visible, its expansion and contraction must be rendered observ- 
able by expedients which interfere with and render complicated its 
indications. 

1347. DrehhePs air ^lermometer. — The air thermo- 
meter of Drebbel, or according to some of Sanctorius, is 
^ represented in Jig. 426. A glass tube, A B, open at one 
^ end, and having a large thin bulb o at the other, is placed 
with its open end in a coloured liquid, so that the air con- 
tained in the tube shall have a less pressure than the at- 
^ mosphere. A column of the liquid will therefore be sus- 
tained in the tube A b, the weight of which will represent 
the diflerence between the pressure of the external air and 
the air inclosed in the tube. 

If the bulb be exposed to a varying temperature, the 
Fig. 426. air included in it will expand and contract, and will cause 
the column of coloured liquid in the tube A B to rise and 
fall, thereby indicating the changes of temperature. 

1348. Amonton's air thermometer. — Another form of aix ther- 
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mometer is represented in fig, 427. The air included 
fills half the capacity of the bulh 0, and its expansion 
and contraction cause the coloured liquid to rise or fall 
in the tube A B. (See Appendix). 

1349. The differential thermometer, — Of all forms 
of air thermometer, that which has proved of greatest use 
^ in physical enquiries is the difierential thermometer re- 
presented in fig. 428. This consists of two glass bulbs, 
A and By connected by a rectangular glass tube. In the 
Fig. 42^. horizontal part of the tube a small quantity of coloured 
liquid (sulphuric acid, for example) is placed. Atmos- 
pheric air is contained in the bulbs and tube, separated into two parts 
by the liquid. The instrument is so adjusted that, when the drop 

»o 
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Fig; 428. 



of liquid is at the middle of the horizontal tube, the air in the bulbs 
has the same pressure ; and, having equal volumes, the quantities at 
each side of the liquid are necessarily equal. If the bulbs be affected 
by different temperatures, the liquid will be pressed from that side 
at which the temperature is greatest, and the extent of its departure 
from the zero or middle is indicated by the scale. 

This thermometer is sometimes varied in its form and arrangement^ 
but the principle remains the same. 

Its extreme sensitiveness, in virtue of which it indicates changes 
of temperature too minute to be observed by common thermometers, 
renders it extremely valuable as an instrument of scientific research. 

By this instrument, changes of temperature not exceeding the 
6000th part of a degree are rendered sensible. 

1360. Pyrometers adapted to measure high temperatures, — The 
range of the mercurial thermometer being limited by the boiling 
point of mercury, higher temperatures are measured by the expansion 
of solids, whose points of fusion are at a very elevated part of the 
thermometric scale. The solids which are best adapted for this pur- 
pose are the metals. Being good conductors, these are promptly 
affected by heat, and their indications are immediate, constant, and 
regular. 

Instruments adapted for the indication and measurement of this 
high range of temperature are QdMisd pyrovneters. 



1851. QradwUio* of a pyrometer. — To graduate a pyrometer, 
let the metallic bar be immerseitsucceasivel; in melting ice and boil- 
ing water, and let its lengths at these temperaturea be aecnnitelv 
measured. Their difference being divided by 180, the qaotient will 
be the increment of length corresponding to one degree of tempers* 
tore ; and this increment being multiplied, the length oorrespooding 
to any proposed temperature may be ascertained. 
, Let L° express the length of Uie bar at the temperature 32°. 

Let l' express its leng^ at the temperature 212°. 

Let i express the increase of length oorresponding to 1°. 

We shall then have 

, tI — L° 

If L express in general the length of the bar at the temperature 
expressed by t, we shall have 

L^L^ + txCT — 32), 

which means nothing more than that the length at the temperature 
T is fonnd by adding to the length at the temperature 32° aa many 
times the increment conesponcung to 1° as there are degrees in i 
above 32". 

The instxament represented in Jig. 429, ^ is one of the most umple 
fonns of pyrometer. 



Fig. Hi. 

Arod of metal, t, is in contact at one end with the point of a screw 
V, and at the other with a lever a, near its fulcrum. Thja lever is 
connected with another so aa to form a compound system, such that 
any motjon imparted by the rod to the point on the lever a in con- 
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tact with it is augmented in a high ratio, according to the principles 
explained in the Handbook of Mechanics (438). A lamp placed 
under the rod t raises its temperature ; and, as it is resisted by the 
point of the screw Vy its dilatation must take effect against the lever 
a, which, acting on the second lever, will move the index on the gra- 
duated arc c. The ratio of this motion to that of the end of the bar 
acting on the lever being known (438), the quantity of dilatation 
may be calculated. (See Appendix). 

1352. Temperature of metallic standard measures must he oh- 
served. — The standards used as measures of length for ascertaining 
distances where great accuracy is required, such as in measuring the 
bases in geographical surveys, are usually rods of metal. But since 
these are subject to a change of length with every change of tempe- 
rature, it would follow that the results of any measurement made by 
them would be attended with corresponding errors. 

For the common purposes of domestic and commercial economy, 
such errors are too trifling to be worth the trouble of correcting ; but 
this is not the case when they are applied to scientific purposes. It 
is necessary in such cases to observe the temperature of the rods at 
the moment each measurement is made. 

1353. Bordd' s p^rometric standard measure. — In the operation 
by which the great arc of the meridian in France was measured, a 
very beautiful expedient was contrived by Borda, in which the bar 
itself is converted into a thermometer which indicates its own tem- 
perature. This expedient was again rendered available for the series 
of experiments made by Dulong and Petit, to ascertain the dilatation 
of bodies by heat. 

A bar of platinum, p p', fig. 430., was connected at one extremity 
with a similar bar of brass, b b', of very nearly equal length. 
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Fig. 430. 

The' two bars, being screwed or riveted together at the extremity 
B, were free at every other point. Near the extremity p' of the bar 
of platinum, and immediately under the extremity b' of the brass 
bar, a very exact scale was engraved, the divisions of which marked 
the millionth part of the entire length of the rod. The extremity 
b' of the brass bar carried an index, which moved upon the divided 
scale. Over the point of this was placed a microscope M, by which 
its position could be ascertained, and by which the divisions of the 
scale could be more exactly read oflf. 

If the two bars, p p' and b b', were equally dilatable, it is evident 

that the same change of temperature affecting both would make no 
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change in the position of the index ; but, brass being more diktable 
Ihan platinum, the index pushed by the expansion of the bar b b' 
would be moved towards 19^ through a space greater than that by 
which the bar p f' would be lengthened, and, consequently, it would 
be advanced upon the scale through a space equal to the difference 
between the dilatation of the two bars. 

The manner of graduating the scale upon P p' was as follows. The 
compound bar being submerged in a bath of melting ice, the position 
of the index was observed. It was then transferred to a bath of 
boiling water, when the position of the index was again observed. 

The interval between these two positions being divided into 180 
equal parts, each part would represent one degree of temperature ; 
or, if such division were too minute to be practicable, it might be 
divided into a less number of equal parts, as, for example, 36, in 
which case each division would correspond to 5°. When the index, 
as most frequentiy happens, stands between two divisions of the scale, 
it is necessary to estimate or measure its distance from one of these 
divisions, in order to express its exact position. This is accomplished 
by a contrivance called a vernier, which, as it is of great use in ail 
crises where the observation of scales is necessary in science and the 
arts, it may be useful here to describe. 

1364. ConstrtLction and tbse of a vernier. 
— The vernier is a contrivance which, by a 
subsidiary scale, supplies the means of esti- 
mating small fractions of the smallest divi- 
sion marked on the principal scale. 

Let A B, Jig, 431., represent a part of the 
principal scale. Let o d be the sliding- 
scale or vernier, which we will suppose to 
consist of 10 divisions equal in their total 
length to 11 divisions of the principal scale. 
Each division of the vernier will therefore 
be equal to eleven-tenths of a division of m 
the chief scale, and will exceed a division 
of the chief scale by a tenth of a division. 
Let us suppose that the index, d, of the 
vernier (which coincides with its zero), 
stands,- as in Jig. 432., at m, between the 
divisions marked 55 and 56, and that the 
question is to estimate how much it is above 
55. Observe what division of the scale coin- 
cides either exactiy or most nearly with a 
division of the vernier. The number of the 
vernier which stands at such division of the 
scale will express the number of tenths of 
Fig. 431. a division of the chief scale between the Fig. 432. 



70-, 
9- 






6- 


-? 


r- 


"^ 


€- 


-. 


8. 


^ 


4.- 


^ 


S> 


- 


a. 


— 


x_ 


_ 


do. 

9- 
8- 


r 


_ 




" 


5 — 


M 


S^ 


^ 




" D^ 






w 


80- 


■«- 


— X 


g _. 




_ A 


B — 






r — 


■" ^ 


» 

-4 


6 — 
4- 


-" 


^9 


s - 


^ ^ 


-r 


a _ 


^ •* 


-B 


1 - 


-- 


-9 


40- 


-J 


-30 



B C 



7»i 

9 - 


b 




8 - 


- 




7 - 
6 - 


~ 




5 . 


. 




3 - 


i 




9- 


_ 




X- ' 


- 




60- 


- 




9 - 


- 




8 . 


— 




I. 

9 .. 


J 


■* 2 


9 « 


. . 


"* 4 


z . 


- - 


•d 9 


M ^ 


- 


. 9 


• - 


- . 


■! 6 


3- 




1 7 

1^ 


a . 


* 




1 > 


. 




40 t| 


J 
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index of tlie vernier and the 55th division of the chief scale. In the 
present case^ the 4th division of the vernier coincides nearly with the 
51st division of the chief scale. The point onr the chief scale indi- 
cated, therefore, by the vernier, is 55*4. 

It is evident that the distance from the 55th division of the chief 
Boale to the point M, which coincides with the index or zero of the 
vernier, is the difference between 4 divisions of the vernier and 4 
divisions of the chief scale; and since a division of the vernier 
exceeds a division of the scale by a tenth, 4 divisions of the vernier 
exceed 4 of the scale by four-tenths. 
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CHAP. in. 

DILATATION OP SOLIDS. 

1355. Solids least susceptihle of dilatation, — Of all the states 
of aggregation of matter, that in which it is least susceptible of dila- 
tation is the solid state. This may be explained by the energy of 
the cohesion of the component particles of the body, which is the 
characteristic property of the solid state. It is the nature of heat, 
by whatever hypothesis that agency be explained, to introduce a 
repulsive force among the molecules of the body it pervades. In 
solid bodies this repulsive force, acting against the cohesive force, 
diminishes the tenacity of the body. The component parts have a 
tendency to separate from each other, and hence arises the phenome- 
non of dilatation ; but so long as the body preserves the character 
of solidity, the separation of the component molecules cannot exceed 
the limits of the play of .the cohesive principle ; and as these limits 
are very small, no dilatation which is consistent with the character 
of a solid can be cousiderable. 

1356. Homogeneous solids dilate equally throughout their volume 
— If a solid body be perfectly homogeneous, it will dilate uniformly 
throughout its entire volume by a uniform elevation of temperature. 
Thus, the length, breadth, and depth will, in general, be all aug- 
mented in the same proportion. 

1357. Dilatation of volume and surface computed from linear 
dilatation, — It is a principle of geometry, that when ^ solid body, 
without undergoing any change of figure, receives a small increase pf 
magnitude, its increase of surface will be twice, and its increase of 
volume thrice, the increase of its linear dimensions. That is to say, 
if its length be augmented by a thousandth part of its primitive 
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length, its surface will be augmented by two iihousandtb parts of its 
primitive surface, and its volume by three thousandth parts of its 
prioiitive volume. This is not true in a strictly mathematical sense^ 
but it is sufficiently near the truth for all practical purposes. 

Now, since all solid bodies of uniform structure, when aflfected by 
heat, expand or contract without suffering any change of figure, ^nd 
since, while their change of their linear dimensions can be easily and 
exactly ascertained, that of their surface or volume would be deter- 
mined with much more difficulty, the changes of these last are deduced 
from the first by multiplying it by 2 for the increment of surface, 
and by 3 for the increment of volume. 

Thus, if it be found that a bar of zinc being raised from 182^ to 
212°, receive an increment of length equal to the 340th part of its 
length at 32°, it may be inferred that its increment of surface is two 
340th parts, and that its increment of volume is three 340th parts 
of its volume at 32°. (See Appendix). 

1358. Dilatation of solids uni/orm between the standard thermo- 
metric points, — It is found that solid bodies in general suffer a uni- 
form rate of dilatation, through a range of temperature extending 
from 32° to 212°; that is to say, the increments of volume which 
attend each degree of temperature which the body receives are equal. 
If, therefore, the entire increment of volume which such a body 
undergoes when it is raised from 32° to 212° be divided by 180, the 
quotient will be the increment of volume which it receives when its 
temperature is raised one degree. 

1359. Dilatation cea,ses to be uniform near the point o/fiisum. — 
When solids are elevated to temperatures much above 212°, and 
more especially when they approach those temperatures at which they 
would be fused or liquefied, the dilatations are not uniform. As the 
temperature is raised, the rate of dilatation is increased, that is to 
say, a greater increment of volume attends each degree of tempera- 
ture. (See Appendix). 

1360. Exceptional cases presented by certain crystals, — There 
are also certain exceptional cases in some crystallized bodies, in which, 
notwithstanding they are homogeneous, the dilatation is not equal in 
all their dimensions. Certain crystals are found to suffer more dila- 
tation in the direction of one axis than in the direction of another. 

1361. Tahvlar statement of the rates of dilatation of solids. — 
In the following table are given the rates of dilatation of solid bodies 
according to the most recent and accredited authorities. In the first 
column is given the limits of temperature between which the dilata- 
tion has taken place ; in the second is given the increment of the 
linear dimensions, expressed decimally, the linear dimension at the 
lower temperature being the unit. In the third column the same is 
expressed as a vulgar fraction. 
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Tahle of the linear Dilatation of Solids. 



Karnes of eubrtanoes.. 



Interral 

of 

Temperature. 



Dilatation in FraetionB. 



BedmaL 



According to Lavoisier and Laplace, 



Flint glass (English) 

Platinum (according to Borda) . . . 

Glass (French) with lead 

Glass tube without lead 

Ditto 

Ditto 

Ditto 

Glass (St. Gobain) 

Steel (untemp^ed) 

Ditto 

Ditto 

Steely tempered yelloW; annealed 

at 149^ 

Iron, soft forged 

Iron, round, wire-drawn 

Gold 

Gold (French standard) annealed 

Gold (Ditto) not annealed 

Copper 

Ditto 

Ditto 

Brass '.....-..... 

Ditto..... 

Ditto 

Silver (Paris standard) 

Silver (of Cupel) 

Tin, Indian or of Molacca 

Tin, Falmouth 

Lead. 



32^ to 212*> 
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a 
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u 
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u 

ti 
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a 
it 
a 
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a 
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According to Smeaton. 



Glass, white, (barometer tubes)... 

Antimony 

Steel, blistered 

Steel, tempered 

Iron 

Bismuth 

Copper, hammered 



32^ to 212^ 
ti 

it 

it 

it 

({ 

it 



000081166 
000086656 
0-00087199 
000087572 
0-00089694 
000089760 
000091750 
000089089 
000107880 
000107915 
000107960 

000123966 

0-00122045 
000123504 
000146606 
0-00151361 
000155155 
0-00171220 
000171733 
000172240 
0-00186670 
000187821 
0-00188970 
000190868 
000190974 
000193765 
0-00217298 
1 0-00284836 

000083333 
000108333 
0-a0115000 
0-00122500 
0-00125833 
000139167 
1 0-00170000 
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5BT 

1 

Z'S'i 

sis 

1 

1 

^i? 
1 

1 
^3T 



TTT3 

1 
57U 

1 
5Tff 

1 

ziis 



46 



HEAT. 



Names of Substanoes. 



Interral 

of 

Temperature. 



Dilatatton in Fractions. 



Decimal. 



According to SmecUon (continued). 



Copper 8 parts, tin 1 

Brass cast 

Brass 16 partS; tin 1 

Brass wire 

Telescope speculum metal 

Solder (copper 2, zinc 1) 

Tin (fine) 

Tin (grain) 

Solder white (tin 1 part, lead 2) 
Zinc 8 parts, tin 1, sfightly forged 

Lead 

Zinc 

Zinc lengthened -^^^ by hammering 



32° to 212° 
it 

u 

(( 

(( 
(( 
it 
li 
li 

iC 

u 
ti 
ii 



000181667 
0-00187500 
0-00190833 
000193333 
000193333 
000206833 
0-00228333 
0-00248333 
0-00260633 
0-00269167 
0-00286667 
000294167 
0-00310833 



According to MajoV' General Roy, 



32° to 217° 



u 
ii 
a 
ii 
a 



Glass (tube) 

Grlass (solid rod) : 

Iron cast (prism of) 

Steel (rod of) 

Brass (Hamburgh) 

Brass (English) rod 

Brass (English); angular 

According to TrougKton, 

Platinum 

Steel 

Iron wire drawn...' 

Copper 

Silver 



32° to 212° 
a 

ii 

a 

a 



0-00077550 
0-00080833 
000111000 
0-00114450 
000185550 
0-00189296 
0-00189450 

0-00099180 
0-00118990 
0-00144010 
0-00191880 
0-00208260 



Palladium 



According to WoUaston. 

I « 1 0-00100000 I 

According to Dvlong and Petit, 



Platinum 



Glass. 



Iron 



Copper. 



32° to 212° 
32° to 572° 
32° to 212° 
32° to 392° 
32° to 572° 
32° to 212° 
32° to 672° 
32° to 212° 
32° to 572° 



0-00088420 

0-00275482 

0-00086133 

0-00184502 

0-00303252 

0-00118210 

0-00440528 1 

0-00171820 

0-00564972 



Vulg. 



1 
1 

1 
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1 
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?27 
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1362. Measure of the force of dilatation and contraction of 
solids, — The force with which solid bodies dilate and contract is 
equal to that which would compress them through a space equal to 
their dilatation^ and to that which would stretch them through a space 
equal to the amount of their contraction. Thus, if a pillar of metal 
one hundred inches in height, being raised in temperature, is aug- 
mented in height by a quarter of an inch, the force with which such 
increase of height is produced is equal to a weight which being placed 
upon the top of the pillar would compress it so as to diminish its 
height by a quarter of an inch. 

In the same manner, if a rod of metal, one hundred inches in 
length, be contracted by diminished temperature, so as to render its 
length a quarter of an inch less, the force with which this contraction 
takes place is equal to that which being applied to stretch it would 
cause its length to be increased by a quarter of an inch. 

. 1363. Practical application of the forces of dilatation and con- 
traction in drawing together the walls of buildings, — This principle 
is often practically applied in cases where great mechanical force is 
required to be exerted through small spaces. Thus, in cases where 
the walls of a building have been thrown out of the perpendicular 
either by the unequal subsidence of the foundation or by the incum- 
bent pressure of the roof, they have been restored to the perpendicu- 
lar by the following arrangement : — 

A series of iron rods are carried across the building, passing 
through holes in the walls, and are secured by nuts on the outside. 
The alternate bars are then heated by lamps until they expand, 
when the nuts, which are thus removed to some distance from the 
walls by the increased length of the bars, are screwed up so as to be 
in close contact with them. The lamps are then withdrawn, and the 
bars allowed to cool. In cooling they gradually contract, and the 
walls are drawn together by the nyts through a space equal to their 
contraction. Meanwhile the intermediate bars have been heated and 
expanded, and the nuts screwed up as before. The lamps being 
again withdrawn and transferred to the first set of bars, the second 
set are contracted in cooling, and the walls further drawn together. 
This process is continually repeated, until at length the walls are 
restored to their perpendicular position. 

1364. Moulds for casting in metal must he larger than the object 
to be cast, — In all cases where moulds are constructed for casting 
objects in metal, the moulds must be made larger than the intended 
magnitude of the object, in order to allow for its contraction in 
cooung. Thus the moulds for casting cannon balls must always be 
greater than the calibre of the gun, since the magnitude of the mould 
will bo that of the ball when the metal is incandescent, and there- 
fore greater than when it is cold. 

1365. Hoops and tires tightened by the contra>ction in cooling, — 
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Hoops surrounding water-yats, tubs and barrels^ and other vessels 
composed of staves, and tilie tires surrounding wheels, are put on in 
close contact at a high temperature, and; cooling, they contract and 
bind together the staves or fellies with greater force than could be 
conveniently applied by any mechanical means. 

1366. CompensatoTB necessary in all metaHic structures, — In all 
structures composed of metal, or in which metal is used in combina- 
tion with other materials, such as roofs^ conservatories, bridges, rail- 
ings, pipes for the conveyance of gas or water; rafters for flooring, . 
&c., compensating expedients must be introduced to allow the free 
play of the metallic bars in dilating and contracting with the vicissi- 
tudes of temperature to which they are exposed during the change 
of seasons. 

These expedients vary with the way in which the metal is applied, 
and with the character of the structure. Pipes are generally so 
joined from place to place as to be capable of sliding one within 
another, by a telescopic joint. The successive rails which compose a 
line of railways cannot be placed end to end, but space must be left 
between their extremities for dilatation. 

1367. Blistering a/nd crocking of lead and zinc roofs, — Sheet 
lead and zinc, both of which mel^ are very dilatable, when used to 
cover roofs where they are especially exposed to vicissitudes of tem- 
perature, are liable to blister in hot weather by expansion and to 
crack in cold weather by contraction, unless expedients are adopted 
to obviate this : zinc, being much more dilatable than lead, is more 
liable to these objections. 

1368. MetaMic inlaying liuhle to staH, — ^When ornamental furni- 
ture is inlaid with metal without providing for its expansion, the 
metal, being more dilatable than the wood; is liable; in a small room; 
to expand and start from its seat. 

1369. Compensating pendvlv/qf,, — It has been already shown 
(Handbook of Mechanics, 547) that the centre of oscillation of a 
pendulum ought to be kept constantly at the same distance from its 
point of suspension, since otherwise the rate of the time-piece regu- 
lated by it would not be uniform. This object has been attained by 
connecting the bob of the pendulum with the point of suspension 
by rods composed of materials expansible in different degrees, so 
arranged, that the dilatation of one shall augment the distance of the 
centre of oscillation from the point of suspension; while the expan- 
sion of the other diminishes it. 

Let s, fig, 433., be the point of suspension, and o the centre of 
oscillation, and let s be supposed to be connected with o by means 
of two rods of metal, s A and A o, which are united at A; but inde- 
pendent of each other at every other point. 

If such a pendulum be affected by an increase of temperature, the 
rod s A will suffer an increment of length, by which the point A 
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and the rod A o attached to it will be lowered; hut, at the 
B same time; the rod A o being subject to the same increase 

of temperature; will reoeiye an increment of length, in con- 
sequence of which the point o will be raised to an in<»eased 
distance above the point A; at which the rods are united* 
If the increment oi the length of the rod A o be in this 
o case equal to the increment of the rod s A, then the point 
o will be raised as much by the increase of the lengdi of 
A o as it is lowered by the increase of the length of s A^ 
and, oonsequentlj; its distance from the point a will remain 
the same as before the change of temperature takes place. 
To fulfil these conditions, it is only necessary that the 
A length of the rod A o shall be less than the lengiih of the 
Fig. 433. rod s A in exactly the same proportion as the expansibility 
of the metal composing a o exceeds the expansibility of the 
metal composing s a. If the lengths of s A and A o were equals 
th^ir increments of length would be proportional to thdr dilatations ; 
but the length of the more dilatable rod A o, being less than thait 
of the less d^atable s A; in the same proportion as the dilatability of 
the former is greater than that of the latter, the absolute increments 
of their length will necessarily be equal, the greater dilatability of 
A being eompensated by its lesser length. (See Appendix). 

1370. Marru(m*B gridiron pendulum^ — This prin- 
ciple is yanously. applied in different pendulums* That 
which is best known is Harrison's ^diron pendulum 
represented in Jig. 434. The bob P is attached to a rod 
of iron p o, having a cross-piece o at the top. This 
cross-piece rests upon two rods of l»rass, f o and K. ii, 
which are themselves supported by a cross-pieoe, b £, of 
iron. This latter piece is attached to two rods of ir(my 
B A and JB D, which are themselves attached to a cross- 
piece connected with the point of suspension or knife- 
edge on which the pendulum vibrates. By the expan- 
sion of the iron rods A b and d e, the distance of the 
cross-piece B e from the point of suspension is aug- 
mented; and by the expansion of the iron. rod o P the 
distance of the bob P, and therefore of the centre of 
oscillation from the same point, is augmented. By the 
expansion of the brass rods f g and k l, the distance 
of- the cross-piece o from the cross-piece b e is aug- 
mented, and therefore the bob p and the centre of oscil- 
lation proportionally raised. Thus, the distance of the 
Fig. 434. bob P and the centre of oscillation from the point of 
suspension will depend upon the relative amounts of the 
two dilatations of the iron and brass rods, the former having a ten- 
dency to lower; and the latter to raise it. By the table of expansions 
n. 5 
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(1361); it appears that the linear expansion of brass for any given 
change of temperature is greater than that of iron in the ratio of ^ 
1-48 to 1. If^ then^ the total length of the rods A B and p o be 
greater than that of F a in the ratio of 1-48 to ono; their actual dila- 
tations will be equal, and the centre of oscillation will remain at the 
same distance from the point of suspension. 

1371. Bars of different metals mutttally attached are curved hy 
dilatation and contraction. — If two straight bars of differently dila- 
table metals be soldered together^ every change of temperature will 
bend the combined bar into the form of a curve, the. more dilatable 
metal being on the convex side of the curve when the temperature is 
raised, and on the concave side of it when it is lowered. 

Let the more dilatable metal be called A, and the less dilatable b. 
Now, if the temperature be raised, A will become longer than b, and, 
as they cannot separate, they must assume such a form, being still 
in contact, as is consistent with the inequality of their lengths. This 
is a condition which will be satisfied by a curve in which the^ bar A . 
is on the convex and the bar b on the concave side. 

If the temperature, on the other hand, be lowered, the more 
dilatable metal being also the more contractible, the bar A will be 
more diminished in length than the bar b, and being, therefore, the 
shorter, will necessarily be on the concave side of the curve. 

1372. Application of this principle to compensation pendvlums.-^-- 
This principle has been ingeniously applied as a compensator in the 
pendulums of clocks and the balance-wheels of watches. 

Such a compound bar as we have just described is placed at right 
angles to the rod of the pendulum, and has, at its extremities, two 
bobs. When the temperature rises, and the centre of oscillation is, 
by expansion of the pendulum, removed to a greater distance from the 
point of suspension, this compensating bar is bent into the form of 
a curve concave towards the point of suspension, as represented in 
fig, 435.; and the bobs which it carries at its extremities being 
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Fig. 435. 



Fig. 436. 



brought closer to the point of suspension, compensate for the increased 
distance of the bob of the pendulum from that point. 
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If, on the other hand, the temperature falls, and ihe rod of the pen- 
dalum contracting brings the bob and the centre of oscillation nearer 
to the point of suspension, the compensating bar is bent into a curve, 
which is concave downwards, as represented in fig. 436. ; and the 
bobs which it carries being removed to an increased distance from 
the point of suspension, compensate for the diminished distance of 
the bob of the pendulum. 

1373. lu application to balance-wheels, — The balance-wheel of 
a watch is a metallic wheel, which moves on a finely-constructed 
centre, and is connected with a fine spiral spring, from which it 
receives an oscillating motion, the time of its oscillation depending 
partlj upon the diameter of the wheel. Now any change of tempera- 
ture affecting the magnitude of the wheel by expansion and contrac- 
tion will cause a change in its diameter, and a consequent change in 
the time of its oscillation, and the rate of the time-piece which it 
regulates. 

This irregularity has been compensated by attaching to the rim of 
the wheel a compound metallic arch such as that already described. 
When the temperature rises, and the diameter of the wheel is aug- 
mented, this arch,^with its concavity towards the centre of the wheel, 
becomes more concave, and a weight which it carries is brought 
nearer to the centre of the wheel, and this compensates for the 
increased magnitude of the wheel. If, on the other hand, the tem- 
perature is lowered, and the diameter of the wheel diminished by 
contraction, this arch becomes less concave, and the weight which it 
carries is removed to a greater distance from the centre, and this 
compensates for the diminished diameter of the wheel. 



CHAP. IV. 

DILATATION OF GASES. 

1374. Volume of gaseous bodies cUpendent on pressure and tem- 
perature. — It has been already shown (Hand-book of Hydrostatics, 
Hydraulics, Pneumatics, and Sound, 706), that the dimensions of 
bodies in the gaseous state are dependent upon the pressure by which 
they are confined. They are capable of expanding spontaneously 
into any dimensions, however great, and of being reduced by greater 
pressure to any volume, however small. It follows, therefore, that 
whenever it be required to determine the change of dimensions of 
gaseous bodies produced by change of temperature^ it will be neces* 
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BSty to provide means of keeping them during the experiment under 
a uniform pressure^ since otherwise the change of dimensions due to 
change of pressure would be combined with that which is due to 
change of temperature. 

1375. Method of dbierving the dilatation of gases tmder uniform 

pr6Mt»re. -^ Experimental enquirers have contrived and practiced 

various expedients to accomplish this, one of the most simple of which 

. is that of M. Pouillet, represented in fg. 437. 

f rw ^ ^ A An iron siphon tube D o is formed wi& short 

legs, from the bottom of which proceeds a pipe 
with a stop-cock f, under which is placed a cis- 
tern or reservoir o. In the legs of the siphon 
D are inserted two glass tubes, j> e and o b, 
of more than thirty inches in height The 
tube D E is open at the top ; the tube c b is 
closed at the top, but has a horizontal branch 
united to it at b, which is connected with a 
tube A B made of platinum, which terminates 
in a hollow ball A, also of platinum. A stop* 
cock is provided in the tube B a, so as to com- 
municate at pleasure with the external air. 
The stop-cock f beiug closed, and the stop^cock 
in the tube b a being open, mercury is poured 
into the tube d e, so as to fill the glass tubes 
D E and B nearly to the top. Since the two 
tubes D E and o b both communicate with the external air, the columns 
of mercury in them will stand at the same level. To determine the 
expansion which air suffers when raised from the freezing to the boil- 
ing point under a uniform pressure, let the reservoir A be immersed 
in a bath of melting ice, so as to reduce the air included in it to the 
freezing point. Let the stop-cock in the tube b a be then closed, 
and let the bulb A be removed to a bath of boiling water. The air 
in the bulb expanding will press down the column of mercury in b 
0, and will cause the column in d £ to rise ; so that the levels of the 
two columns will no longer coincide. But they may be equalized by 
opening the stop-cock f, and allowing mercury to flow into the reser- 
voir G from the siphon, until the levels in the two legs come to the 
same point. When that is accomplished, the pressure upon the 
* expanded air included in the bulb A, and the tube communicating 
with it, will be equal to that of the atmosphere, and equal to that 
which the same air has when at the freezing point. 

The capacity of the tube o b being known, the volume which cor- 
responds to any length of it will be also known. 

Now the increment of volume which the air has suffered by expan- 
sion will be indicated by the height through which the mercury baa 
fiillen in the tube o b. This increment, therefore, will be the dilata- 
62 
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tion of the air included in the bulb A and the oommtmicating ttfbe 
between the freezing and boiling points. 

In the same manner, by this apparatus, the dilatation corresponding 
to any change whatever of temperature under a given pressure can 
be ascertained. 

1876. DUataMon of gaseous bodies uniform, and egwd, — It has 
been proved by experiments made with this as well as a variety of 
other apparatus adapted to the same purpose, that the dilatation of 
all bodies in the gaseous fc^m is perfectly uniform throughout the 
whole extent of the thermometric scale, the same increments of tem- 
perature producing, under the same pressure, equal increments of 
volume. But, what is still more remarkable, it has been found that 
all gases whatever, as well as all vapours raised from liquids by heat, 
are subject to exactly the same quantity of expansion by the same 
change of temperature. 

1377. AvMyuM of this dilatation a^scertained. — By the experi- 
ments of M. Gray Lussac, it was demonstrated in 1804 that 1000 
cubic inches of atmospheric air raised from the freezing to the boiling 
point were dilated so as to make 1375 inches. These experiments 

^lave more recently been repeated by MM. Rudberg, Magnus, Beg- 
nault, and Pouillet. It has been found that the dilatation is more 
exactly expressed by 1367 cubic inches. Thus, the increment of 
volume of atmospheric air between 32° and 212° is the ^^^th, or 
very nearly one-third of its volume at 32°. It follows, therefore, that 
ten cubic inches of atmospheric air at 32° will, if raised to the tem- 
perature of 212°j become by dilatation, nearly 13y^ cubic inches; 
and, for every additional 180° of temperature which it receives, it 
will undergo a like increase of volume. 

1378. Increment of volume corres^ponding to 1°. — To find the 
increment of volume corresponding to one degree of tempera- 
ture, we have only to divide the fraction j^*^*^^ by 180, which gives 

The increment of volume, therefore, which any gas or vapour 
undergoes when, under the same pressure, the temperature is raised 
one degree, is the 490th part of the volume which it would have if 
reduced to the temperature of 32°. 

It follows from this, that if any volume of air at 32° be raised to 
the temperature of 32° + 490° =622°, it will expand into twice its 
volume ; and if it be raised to a temperature of 82° -{- 2 X 490 = 1012, 
it will be expanded into three times its volume, and so on. 

1379. Experiments of Gay JjussaCj Dvlong and Petit showed 
the uniformity and equality of expansion, — The well-known expe- 
riments of Gay Lussac, the results of which were in accordance with 
those subsequently obtained by Dulong and Petit, establish the fact, 
that all gases, as well as all vapours, undergo equal changes of 

5 * 
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Tolmne, by equal increments of temperature, the eo-effioient of the 
expansion of atmospheric air being common to all. 

1380. This result qualified hy Sie researches of Rndherg, Mcigwas 
amd i?6^nai^^. -— Eudberg first called in question the correctness of 
this principle, and not only showed that the co-efficient of the expan- 
sion of atmospheric air previously determined was inexact, but that 
other gases, though so nearly equal in their rates of expansion to 
each other and to atmospheric air, were not predsely so. These 
researches of Rudberg have been confirmed by those of Magnus and 
Begnault; and it appears £rom them that the foUo\dng are &e incre- 
ments of volume which the undermentioned gases undergo between 
82'' and 212'', their volume at 32'' being 1000. 

Hydrogen 0-866 

Atmospheric air 0*867 

Carbonio oxide 0-867 

Carbonic acid t 0-371 

Protoxide of azote 0-372 

Cyanogen , 0-388 

Sulphurous add. 0-890 

M. Begnault also found that the dilatations of the same gases are 
not exactly the same at all pressures. Thus, under 8^ atmospheres, 
the dilatatidh of hydrogen remains unvaried, but the dilatation of air 
increases from 0-367 to 0'369, and that of carbonic acid from 0-871 
t(5 0*885, while the dilatation of sulphurous acid, under a. pressure 
of only one atmosphere, increases from 0-390 to 0-398. 

Thus it appears that although it be certain that the gases are sub- 
ject to a small difference in their rates of dilatation, and also that the 
rate of dilatation of the same gas is not absolutely the same at diffe- 
rent pressures, yet the inequality and variations are such as may be 
disregarded for all practical purposes ; and it may be assumed that 
all gases and all vapours dilate uniformly, and in the same degree as 
atmospheric air. 

1381. Formvlse to compute the change of volume of a gas corr^ 
sp&ndmg to a given, change of temperature. — The following formulae 
will serve to calculate the change of volume which atmospheric air, 
or any other gas which dilates equally with it, undergoes for any 
proposed change of temperature. 

Let V express a volume of air at 82''. 

Let y express its volume when raised to a temperature which ex- 
ceeds 82" by a number of degrees expressed by T. 

The increment of volume, therefore, corresponding to the incre- 
ment of temperature expressed by t, will be v*-!^; and since the 

V 

increment of volume corresponding to 1" is j^, the increment cor- 

V 

responding to t degrees will be j^^ X t. We shall therefore have 
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V 



and consequendy, 



^-''=495^''5 



'=0+Jo)^''' 



In this ease the gas has been supposed to be submitted to an 
increase of temperature. If it be reduced to a lower temperature^ 
it will suflfer a decrement of volume expressed hjv — v; and if T 
express the number of degrees below 32^ to which it is reduced^ the 

Recrement of volume for 1° being j^, the decrement for T degrees 

will be aa before, ttt^^x t, and we shall have 

490 



from which we find^ 



*-^=490''''5 



""H^-mh"- 



If, therefore, the volume of a gas at 32^ be known, its volume at 
any other t^nperature above or below 32^ may be calculated by the 
following 

BULS. 

Divide the difference between the number of degrees in the tempe- 
rature cmd 32° by 490. Add the quotient to \ if the temperature 
be obbove 32°, and mbtrax^t it from, 1 if it be below 32°. Multiply 
the volume of the gas at 32° by the resulting number, and the pro- 
duct will be the volume of the gas at the proposed temperature. 

TABLE BHOWINO THE CHANOES OF VOLUME OF A GASEOUS BODT 
CONSEQUENT ON GIVEN CHANGES OF TEMPERATURE. 

In the columns v of the following table are expressed in cubic 
inches the volumes which a thousand cubic inches of air at 32° will 
have at the temperatures expressed in the columns t^ being supposed 
to be maintained under the same pressure. 



T. 


V. 


T. 


V. 


T. 


V. 


T. 


V. 


T. 


V. 


-60 


832'7 


—40 


858*1 


—30 


878*5 


—20 


893^ 


—10 


914*3 


-4g 


834-7 


—39 


866-1 


—29 


876-5 


—19 


895*9 


— 9 


916*3 


-48 


88fr7 


—88 


8571 


—28 


877*6 


—18 


898*0 


— 8 


918*4 


—47 


888*8 


—37 


859*2 


—27 


879*6 


—17 


900*0 


-7 


920*4 


•-46 


840« 


—36 


861*2 


—26 


881-6 


—16 


902*0 


— 6 


922-5 


—45 


842-8 


-35 


863*3 


—25 


888*7 


—16 


9041 


— 6 


924-5 


-44 


844*9 


-84 


865*3 


—24 


885*7 


—14 


906*1 


— 4 


926*5 


—48 


840-9 


—83 


867*3 


—23 


887*8 


—13 


908*2 


— 8 


928*6 


—42 


849H> 


—32 


869*4 


—22 


889*8 


—12 


910*2 


— 2 


930*6 


-41 


I 861-0 


-«1 


871-4 


—21 


891*8 


—11 


mM 


— 1 


962-7 
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T. 


V. 


T. 


V. 


T. 


V. 


T. 


V. 


T. 


V. 





934-7 


48 


1032-7 


96 


1130-6 


144 


1228-6 


192 


1326-6 


1 


936-7 


49 


1034-7 


97 


1132-7 


145 


1280-6 


193 


1328-6 


2 


938-8 


60 


1036-7 


96 


1134-7 


146 


1232-7 


194 


1330-6 


3 


940-8 


51 


1038-8 


99 


1136-7 


147 


1234-7 


195 


1332-6 


4 


942-9 


52 


1040-8 


100 


1138-8 


148 


1236-7 


196 


1334-7 


6 


944-9 


53 


1042-9 


101 


1140-8 


149 


1238-8 


197 


1336-7 


6 


947-0 


54 


1044-9 


102 


1142-9 


150 


1240-8 


198 


1338-8 


7 


9490 


66 


1046-9 


103 


1144-9 


161 


1242-9 


199 


1840-8 


8 


951-0 


66 


1049-0 


104 


1147-0 


162 


1244-9 


200 


1342-9 





958-1 


67 


1051-0 


106 


1149H) 


163 


1246-9 


201 


1344-0 


10 


9651 


68 


10531 


106 


11510 


154 


12494 


202 


1346-9 


11 


957-1 


59 


1055-1 


107 


1153-1 


156 


1251-0 


203 


1349-0 


12 


969-2 


60 


1067-1 


108 


1155-1 


156 


1263-0 


204 


1851-0 


13 


961*2 


61 


1059-2 


109 


1157-1 


157 


1255-1 


205 


1363-1 


14 


963-3 


62 


1061-2 


110 


1159-2 


158 


1257-1 


206 


1366-1 


16 


965-3 


68 


1063-3 


111 


1161-2 


159 


1259-2 


207 


13671 


16 


967-3 


64 


1065-3 


112 


1163-3 


160 


1261-2 


206 


1359-2 


17 


969-4 


66 


1067-3 


113 


1166-3 


161 


1263-3 


209 


1861-2 


18 


971-4 


66 


1069-4 


114 


1167-8 


162 


1265-3 


210 


1868-8 


19 


9735 


67 


1071-4 


115 


1169-4 


168 


1267-3 


211 


1365-3 


20 


975-5 


68 


1073-6 


116 


1171-4 


164 


1269-4 


212 


1367-8 


21 


977-6 


69 


1075-5 


117 


1173-6 


166 


1271-4 


213 


1369-4 


22 


979-6 


70 


1077.6 


118 


1176-6 


166 


1278-6 


214 


1371-4 


23 


981-6 


71 


1079-6 


119 


1177-6 


167 


1276-6 


216 


1373-6 


24 


983-7 


72 


1061-6 


120 


1179-6 


168 


1277-6 


216 


1376-6 


25 


985-7 


73 


1083-7 


121 


1181-6 


160 


1279-6 


217 


1877-6 


26 


987-8 


74 


1085-7 


122 


1183-7 


170 


1281-6 


218 


1379-6 


27 


989-8 


75 


1087-8 


123 


1186'7 


171 


1283-7 


219 


1381-6 


28 


991-8 


76 


1089-8 


124 


1187-8 


172 


1286-7 


220 


1388-7 


29 


993^ 


77 


1091-8 


126 


1189-8 


173 


1287-8 






30 


995-9 


78 


1093-9 


126 


1191-8 


174 


1289-8 


220 


1388-7 


81 


998-0 


79 


1095-9 


127 


1193-9 


176 


1291-8 


230 


1404-1 


82 


1000-0 


80 


1098-0 


128 


1195-9 


176 


1293-9 


240 


1424-5 


S3 


1002-0 


81 


1100-0 


129 


11980 


177 


1295-9 


250 


1444-9 


34 


1004-1 


82 


1102-0 


130 


12000 


178 


1298-0 


260 


1465-8 


85 


1006-1 


83 


1104-1 


131 


1202-0 


179 


1300-0 


270 


1485-7 


36 


1008-2 


84 


1106-1 


132 


12041 


180 


1302-0 


280 


1606-1 


37 


1010-2 


86 


1108-2 


138 


1206-1 


181 


1304-1 


290 


1626-6 


88 


1012-2 


86 


1110-2 


134 


1208*2 


182 


1306-1 


800 


1646i) 


89 


1014-3 


87 


1112-2 


136 


1210-2 


183 


1306-2 






40 


1016-3 


88 


1114-3 


136 


1212-2 


184 


1310-2 


800 


1646-9 


41 


1018-4 


89 


1116-3 


137 


1214-3 


186 


1312-2 


400 


1761-0 


42 


1020-4 


90 


1118-4 


138 


1216-3 


186 


1314-3 


600 


19661 


48 


1022-4 


91 


1120-4 


189 


1218-4 


187 


1316-3 


600 


2159-2 


44 


1024-5 


92 


1122-4 


14d 


12-20-4 


188 


1318-4, 


700 


2863-8 


45 


1026-5 


03 


1124-5 


141 


1222-4 


189 


1320-4 


800 


2567-8 


46 


1028-6 


94 


1126-5 


142 


1224-5 


190 


1322-4 


900 


2771-4 


47 


1030-6 


95 


1128-6 


143 


1226-6 


191 


1324-6 ' 


' 1000 


2976-6 



1382. Increase of pressure due to increase of temperature. — If 
air or gas be included "within any limits which prevent its expansion 
by increase of temperature, its elastic force or pressure will be in- 
creased in the same proportion as its volume would be increased if it 
were not thus confined. Thus^ if a certain quantity of air confined 
under a given pressure receive such an increase of temperature as 
would cause it to expand into double its volume, and if, after having 
80 expanded, it be subject to such an increased pressure as will reduce 
it to its primitive volume, it will acquire double its primitive pressure. 
This follows from the principles already established, that the pressure 
of air and gas is universally as the volume into which they are com- 
pressed. 

1383. Formulae eoiypresnng ike general relation between the volume, 
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temperatwre, cmd pressure, — It will be oonvenietit; however, to estab- 
lish general formulsB by which the relation between the yolame and 
temperature of the same gases under different pressures may be ez- 
pressedi so that the Yolume at any given temperature and pressure 
being given^ the yolume at any other temperature and pressure may 
be obtained. 

It has been already shown^ that at the same temperature the vol- 
ume will be inversely as the pressure (Hand-book of Hydrostatics^ 
Hydraulics^ Pneumatics^ and Sound, 708); so that, if y and Y be 
two volumes at the samo temperature and under the pressures P and 
p^, we shall have 

v:v'::p'!p; 
and therefiwe 

p' 
Hence it follows, that if the same quantity of air or gas be dmul- 
taneously submitted to changes of temperature and pressure, the 
relation between its volumes, pressures, and temperatures, wUl be 
expressed by the general formula 

V _ 490 jiT P' 
v'^490±t'^F' 

where t and t' express the number of degrees above or below 82^ st 
which the temperature stands, + being used when ahove and '— 
when helow 32^, and the pressures being expressed in the usual man- 
ner by p and p'. 

By this formula, the volume of a gas at any proposed temperature 
and pressure may be found, if its volume at any other temperature 
and pressure be given. 

1384. Examples of the effects of dilatation and contraction. — 
The expansion and contraction of air explain a multitude of pheno- 
mena which present themselves in the natural world, in domestic 
economy, and in the arts. 

1385. Ventilation and v^arming of buildings, — In tjie ventila- 
tion and warming of buildings, the entire process, whatever expedi- 
ents may be adopted, is dependent upon this principle. When a fire 
is lighted in an open stove to warm a room, the smoke and the gaseous 
products of combustion, ascending the chimney, soon fill the flue with 
a column of air so expanded by heat as to be lighter, bulk for bulk, 
than a similar column of atmospheric air. 8uch a column, therefore, 
will have a buoyancy proportional to its relative lightness. This up- 
ward tendency is what constitutes the drafb of the chimney ; and this 
draft will accordingly be strong and effective in just the same pro- 
portion as the .column of air in the chimney is kept warm. When 
the fire is first lighted, the chimney being filled with cold air, there 
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ia no draft; and, consequently, the flame and smoke often issue into 
the room. According as the column of air in the chimney becomes 
gradually warm, the draft is produced and increased. The draft is 
sometimes stimulated by holding burning fuel for spme time in the 
flue, so as to warm the lower strata of air in it. 

But the most effectual method of stimulating the draft when the 
fire is lighted is by what is called a blower, which is a sheet of iron 
that stops up the space above the grate bars, and prevents any air' 
from entering the chimney except that which passes through the fuel, 
and produces the combustion. This soon causes the column of air in 
the chimney to become heated, and a draft of considerable force is 
speedily produced through the fire. 

1386. Effect of open fire-places and close stoves, — An open chim- 
ney differs from a close stove, inasmuch as the former serves the dou- 
ble purpose of warming and ventilating the room, whereas the latter 
only warms, and can scarcely be said to ventilate. In a close stove, 
no air passes through the room to the fine of the chimney, except that 
which passes through the fuel, and that is necessarily limited in quan- 
tity by the rate of combustion maintained in the stove. In an open 
fire-place, on the other hand, two independent currents of air pass 
into the flue, one that which passes through the fuel and maintains 
the combustion, and the other, which is far more considerable in quan- . 
tity, is that which passes through the opening of the fire-place above 
the grate. 

The temperature of the column in the flue is due entirely to the 
former, and the activity of the combustion will be determined by the 
relative magnitudes of the grate and the space above it ; these two 
magnitudes representing the proportion in which the open stove serves 
the two purposes of warming and ventilation, the grate representing 
the function of warming, and the space above it the function of ven- 
tilating. Even when there is no fire lighted in the grate, the column 
of air in the chimney is in general at a higher temperature than the 
external air, and a current will therefore in such case be established up 
the chimney, so that the fire-place will still serve, even in the absence 
of fire, the purposes of ventilation. In very warm weather, however, 
when the external air is at a higher temperature than the air within 
the building, the effects are reversed ; and the air in the chimney 
being cooled, and therefore heavier than the external air, a downward 
current is established, which produces in the room the odour of soot. 
To prevent this, a trap or valve is usually provided in it, which can 
be closed at pleasure, so as to intercept the current. It should be 
observed, howeyer, that this trap should only be closed when a down- 
ward current is established ) since, at other times, even in the absence 
of fire, the ventilation of the apartment is maintained. 

1387. Methods of warming apartments. — In all apparatus adapted 
to, warm buildings^ the fact that warm air is more expanded, and 
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therefore lighter bulk for bulk;^ than cool air, requires to be attended 
to. It is usual to admit the warm air through apertures placed in the 
lower parts of a room, because it will ascend by its buoyancy and mix 
with the colder air, whereas if it were admitted by apertures near the 
ceiling it would form strata in the upper part of the room, and would 
escape at any apertures which might be found there. But if there 
be means of escape only in the lower part of the room^ then the strata 
of warm air let in above will gradually press down upon the cool air 
below and force it out through the chunney; doors^ windows, or other 
apertures. 

In general, the air contained in an apartment collects in ' strata 
arranged according to its temperature, the hotter air collecting near 
the ceiling, and the strata'decreasing in temperature downwards. Ther- 
mometers placed at different heights between the floor and the ceiling 
would accordingly show different temperatures. The difference of 
these temperatures is sometimes so considerable that flies will continue 
to live in one stratum which would perish in another. 

If the door of an apartment be open it will be found that two 
currents are established through it, the lower current flowing inwards 
and the upper outwards. If a candle be held in the dowway near 
the floor, it will be found that the flame will be blown inwards ; but 
if it be rmsed nearly to the top of the doorway, the flame will be 
blown outwards. The warm air in this case flows out at the top, 
while the cold air flows in at the bottom. 

1388. Principle of an Argand lamp. — The combustion which 
produces the flame of an Argand lamp is maintained upon the same 
principle as that by which the combustion is maintained in a common 
fire-place. The wick, which is cylindrical, surrounds a brass tube 
which communicates at its lower end with the external air. A glass 
chimney surrounds the wick and the flame. The air ascending 
through the glass tube passes the flame and is heated by it, and then 
ascends in the glass chimney within which it is confined. This glass 
chimney is therefore filled with a column of heated air which has a 
buoyancy proportional to its expansion, and ascends with a propor- 
tionate force, fresh air being supplied to the wick continually through 
the brass tube already mentioned. But as the column of air ascend- 
ing through this brass tube would only touch the flame on its external 
surface, the internal parts of the column would not be so strongly 
heated. To increase the heat imparted to the air, therefore, a metal 
wire is placed in the centre of the brass tube, which supports a button 
a little less in diameter than the wick at the level of the flame. 
When the column of air which ascends in the tube encounters this 
button, the central parts of the column are intercepted, and can only 
ascend by passing round the edge of the button, and therefore in 
contact with the flame. By this expedient all the air which ascends 
through the brass tube is made to pass in close contact with the flame 
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Wore it can enter the glass chimney above the flame, and ihns the 
intensity of the force of the draft is increased and the combnstion is 
augmented. 

It ^1 be explained hereafter that flame is gas heated to snch an 
intense degree as to become luminoos. It is in consequence of its 
levity that it always ascends in the atmosphere. 

1389. Oause of oAmotpheric eurrevUa, — The expansion and con- 
traction of different parts of the atmosphere consequent upon the 
vidssitodes of temperature^ produce the phenomena of the winds. 
When any portion of the atmosphere becomes heated it expands, and 
being lighter than the surrounding parts of the air it rises j immedi- 
ately the adjacent air rushed in to flU its place and produces a wind. 
The sun acting with greater effect on the portions of the atmosphere 
around the equator than on those near the poles, these portions be- 
come heated and lighter than the former. They therefore ascend as 
air does in a chimney, and the colder portions of the atmo^here 
around the poles rush in to fill their place. There are, therefore, 
permanent atmospheric currents established from the poles towards 
the equator. These, combined with the effects of the rotation of the 
earth upon its axis« produce the phenomena called the trade-winds, 
which blow with such regularity and permanency, in the northern 
hemif^here from the north-east, and in the southern hemisphere from 
the south-east. 

It must be observed, however, that the sun is not the only cause 
which affects the temperature of the air. The different degrees of 
heat reflected or radiated from the surface of the land compared with 
the surface of the water, form another important cause of the varia- 
tion of the temperature of the air, and therefore of the atmospheric 
currents. 

1390. Experiments illustrating the expansion and contraction of 
air. — The expansion of air by heat and its contraction by cold may 
be made manifest by a variety of simple and easily executed experi- 
ments. If a common drinking glass be inverted and held over the 
flame of a lamp or candle for some time, it will be filled with air 
heated by the flame ; if it be then suddenly plunged with its mouth 
downwards in water, the water will be found to rise in the glass to a 
height above the level of the water outside the glass. The cause of 
this is that the air which fills the glass, having been previously rare- 
fied by heat and afterwards cooled, when removed from the lamp is 
contracted so as to fill a less space than the capacity of the glass 
which it filled when heated previous to immersion. 

This experiment may be rendered still more striking by using a 
glass bulb blown at the end of a tube, like a thermometric tube, in- 
stead of a glass. Let such a bulb be held for some minutes over ihe 
flame of a spirit-lamp. The air which fills it will become highly ex- 
panded and rarefied by the heat. Let the open end of the tube be 
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then plunged in water, the bulb being presented upwards. After 
some time; when the tube has cooled and the air within it contracted, 
the water will rise in the tube and will nearly fill the bulb, the por- 
tion of the bulb not filled being the space within which the air pre- 
viously heated had been contracted by cooliug. 



CHAP. V. 

DILATATION OF LIQUIDS. 

1391. Liquid a state of transition. — The liquid state is one of 
transition between the solid and the vaporous states. Solids by heat 
are converted into liquids, and liquids into vapoura. 

The liquid state, therefore, is maintained between two limits of 
temperature : a lower limit, at which the liquid would solidify ; and a 
higher limit, at which it would vaporize. In different liquids these 
limits are separated by a greater or less range of temperature. In 
some, alcohol for example, the point of solidification stands at a low 
temperature on the scale ; while in others, as in some of the oils, the 
point of vaporization is placed at a very high limit. In others, as in 
mercury, these points are widely separated, the vaporizing point being 
at a very high, and the freezing point at a very low temperature. 

1392. Rate of dilatation of liquids in general not undform. — 
It is found in general that the rate of dilatation of liquids is not uni- 
form, like that of solids and gases, and that it not only increases as 
the temperature is elevated, but is subject to certain irregularities as 
it approaches the points at which the liquid would pass, on the one 
hand, into the solid, and, on the other, into the vaporous state. 

1393. Specific gravity of a liquid varies with its temperature. — 
Since by dilatation and contraction the proportion of the volume of 
the liquid to its weight is varied, all the methods which have been 
explained in (763) et seq. for ascertaining the specific gravity of 
liquids will be Equally applicable to determine their dilatation and 
contraction. If, for example, a given volume of liquid at a certain 
temperature weigh 1000 grains, and the same volume at another 
temperature weigh only 950 grains, the proportion of the volumes 
which have equal weights will be the inverse of those numbers, that 
is, of 950 to 1000. 

1394. Rates of dilatation of liquids. — The only body in the 
liquid state whose variations of volume through a considerable range 
of the thermometric scale are found to be exactly proportional to its 
change of temperature, is mercury. 

II. 6 
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It has been ascertained that, from 13^ below the freezing point to 
212^, the increments of volume in this liquid for equal increments 
of temperature are equal. 

The principal liquids whose rates of dilatation have been sub- 
mitted to exact experimental investigation, are, water, mercury, and 
alcohol. The increment of volume which each of Ihese liquids 
receives from 32^ to 212° is ,^rd of the volume at 32° for water, Jjth 
for mercury, and ^<h for alcohol. (See Appendix).' 

1395. Exceptioncd phenomefia manifested hy water a/pproaching 
its freezing point, — Water, as it falls in temperature towards the 
freezing point, exhibits phenomena which form a striking exception 
to the general laws of dilatation and contraction by temperature. As 
its temperature is lowered, the rate at which it contracts is found to 
diminish until it arrives at the temperature of 38° -8 Fah. when all 
contraction ceases, and, if the temperature be further lowered, the 
volume is observed to remain stationary for some time; but, on low- 
ering it still more, instead of contraction, a dilatation is produced, 
and this dilatation continues at an increasing rate until the water is 
congealed. It appears, therefore, that at the temperature of 38°'8 
the density of water is a maximum. It is found that for a few dcr 
grees above and below such temperature of greatest density the dila- 
tation is the same; thus, at 1° above and 1° below 38°'8, and at 2° 
above and 2° below that point, the specific gravities are exactly equal. 

1396. Temperature of greatest d&nsity, — The experiments of 
Blagden and Gilpin fixed the temperature of greatest condensation at 
39° ; those of Lefevre, Gineau, Halstrom, Hope, and Rumford fixed 
it a little above 40°. More recent experiments, however, conducted 
under conditions of greater accuracy by Miinke and Stampfer, have 
determined it at 38° -8. (See Appendix). 

1397. Taken as the basis of ike French metrical «ysfem.— Water, 
at its greatest density, is taken as the base of the uniform system of 
measures adopted in France, the unit of weight being the weight of 
a cube of distilled water taken at its greatest density, the side of the 
cube being the length of a centimetre, or the one hundredth part of 
a metre, which is the lineal unit. The length of the metre is 39*37 
English inches. 

1398. Effect of the relative densities of different strata of tfie 
sam^ liquid. — It has been already proved that if liquids having dif- 
ferent specific gravities be placed in the same vessel without mixing 
with each other, they will arrange themselves in strata according to 
their specific gravities, the heavier being below the lighter. This 
principle will seem to explain several facts. If cold water be poured 
into a vessel, a thermometer being immersed in it, and hot water be 
carefully poured over it, so as to prevent the liquids being mixed, the 
hot water will float on the cold. The thermometer immersed in the 
cold water will not rise, nor will a thermometer immersed in the hot 
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water &11. But if fhe water be agitated so as to mix the two strata, 
then their temperatures will be equalized, and the lower thermometer 
will rise and the upper fall. If, however, hot water be first poured 
into the vessel, a thermometer being immersed in it, and cold water 
be then carefully poured over it, so as to prevent such a^tation as 
would cause the fluids to mix, and a thermometer be also immersed 
in it, it will be found that the lower thermometer will rapidly fall 
and the higher one will rise ; in fact, in this case the cold water de- 
scends through the hot water by its superior gravity, and the two 
fluids of difierent temperatures, in passing through one another, be- 
come mixed, and the whole mass tates an intermediate temperature. 

1399. Process of heating a limiid. — The process by which water 
is boiled by heat applied to the Dottom of a vessel, is explained on 
this principle. The water in contact with the bottom of the vessel 
being heated, is expanded, and becomes lighter bulk for biolk than 
the strata over it It therefore rises, and the water above it fells, 
and, in its turn being expanded by heat, is made to rise. There is 
thus a continual current of the water heated by the fire upwards, and 
« counter current of the colder water forming the superior strata 
jdownwards ; and this goes on until all the water in the vessel has 
been raised to the boiling point. 

1400. Msat does not descend in a liquid, -^It is easy to show 
that any source of heat, however intense, applied to the upper sur&oe 
of water, would be incapable of raising the temperature of the mass. 
Thus, if we suppose oil at the temperature of 800^ poured upon the 
Buifiice of water in a vessel at 50^, the oil will float upon the water, 
and a thin stiatom of the water in contact with it will have ite tem- 
perature raised; and will therefore be -expanded ; but, being lighter 

bulk for bulk than the colder water under it, it wili 
slill float aa the top. No interchange of currents 
will take place, by which the heated water forxniiig 
the upper stratum can be mixed with the water 
forming the lower stratum^ and, as water is a non- 
conductor of heat, as will hereafter be shown, the 
heat of the oil, and of the stratum of water in 
immediate contact with it, will not be propagated 
downwards. It would be possible for a cake of ice 
to remain in the bottom of such a vessel without 
being melted, notwithstanding the stratum of oil at 
300^ floating upon its surface. 

1401. Experiment shovnng the propagation of 
heat through a liquid hy currents. — The system 
of upward and downward currents produced by heat 
applied to the bottom of a vessel containing a li- 
quid, may be rendered manifest by the following experiment. Let 
a tall jar, fig, 438, be filled with eold water^ and let some amber 
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powder be thrown into it. The particles of this powder being eqnal 
in weight to water bulk for bulk, or nearly so, will remain suspended, 
and may be seen through the sides of the vessel. Let this jar be 
immersed to some depth in a vessel of hot water, so that the lowest 
strata of- the water in it may become gradually heated. The water 
in ihe bottom of the jar will now be observed continually to ascend, 
carrying the amber particles with it, while the colder water in the 
upper part will descend. The contrary currents will be rendered 
manifest to the eye by the particles of amber which they carry with 
them. 

If heat be applied to the sides of the cylindrical jar, but not to 
the bottom, the water immediately in contact with the sides, becom- 
ing heated, will ascend. The water in the centre of the jar, on the 
other hand, being removed from the source of heat, will retain its 
temperature, and will of course sink as the water next the side rises. 
In this case, two distinct currents will be seen, one immediately next 
the surface of the jar contii\ually ascending, and the other in the 
centre of the jar continually descending. 

This may be shown by placing the cylindrical glass jar within an- 
other somewhat greater in diameter, and pouring a hot liquid in the 
space between them. 

1402. Method of warming buildings by hot water, — On the same 
principle is explained the method of warming buildings by pipes 
filled with hot water. 

A boiler is constructed in the lowest part of the building com- 
pletely closed at the top, but terminating in a tube or pipe, which is 
conducted upwards, and carried through the different apartments 
which it is intended to warm. This pipe terminates in a funnel at 
the top of the building, the boiler and pipe being filled with water 
up to the funnel. When fire is applied under the boiler, the water, 
becoming heated, ascends, and the colder water descends ; and these 
contrary currents continue until every particle of water contained in 
the pipes carried through the building is raised to whatever tempera- 
ture, under 212^, may be desired. 



CHAP. VI. 

CALORIMETRY. 

1403. Quantitative analysis of heat. — The department of the 
physics of heat devoted to the quantitative analysis of that agent is 
called calorimetry, and the instruments by which its quantity is 
measured are called calorimeters. 
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1404. Cahnmebry and thermometry/, — If the same quantity of 
heat always produced the same or equal thermometric changes, every 
thermometer would be a calorimeter, and cahrimetry would not form 
a part of this subject distinct from thermometry. 

But not only do equal quantities of heat produce unequal ther- 
mometric changes on different bodies, but even on the same body at 
different points of the scale, and in some cases no thermometric change 
whatever. 

1405. ThermaJ unit, — To reduce heat to arithmetical expression, 
it is necessary that some suitable thermal measure be adopted, and a 
thermal unit selected. 

It may be assumed as self-evident, that to produce the same ther- 
mal effect on the same quantity of the same body under like circum- 
stances will always require the same quantity of heat. Thus it is 
apparent, that to raise a pound of pure water from 32^ to 33^, or to 
liquefy a pound of ice, or to convert a pound of water into vapour 
under a given pressure, will always require the same quantity of heat, 
firom whatever source such heat may proceed. 

Water has been selected as the standard of thermal measure, for 
reasons nearly the same as those which have determined its selection 
as the standard of specific gravity, (Hand-book of Hjtlrostatics, &c., 
763, et seq.) 

We shall therefore take as the thermal unit the quantity of heat 
which is necessary to raise a pound of pure water from 32^ to 33^. 

1406. Specific heat — The quantity of heat which is necessary 
to raise a pound of any other body from 32^ to 33^, being in general 
different from, that which would produce the same effect on water, 
and in general being different for different species of bodies, is called 
their specific heat, for the same reason that the weight they include 
under the same volume is called their specific gravity. 

1407. Uniform and variable, — The specific heat of a body is 
said to be uniform throughout any extent of the thermometric scale 
when it requires the same quantity of heat to raise the temperature 
one degree through such extent of the scale. 

If H express the quantity of heat necessary to raise w lbs. of a 
body from the temperature expressed by i/ to the temperature ex- 
pressed by T, the specific heat being expressed by s and being uniform, 
we shall therefore have 

H=SX(T — t')xw; 

that is* to say, the quantity of heat is found by multiplying together 
the numbers expressing the i^ecific heat, the elevation of tempera- 
ture, and the weight in lbs. 

When the quantity of heat necessary to raise a body one degree is 
different in different parts of the scale, the specific heat is said to be 
variable; and when it does so vary, it is in general found to increase 
with the temperature. 

6* 



1408. Method of tolving ctdorimelrCc problems. — Three methods 
have been practised for the Bolution of caloriinetrio problems : Ist^ 
by measuring the heat by the quantity of ice it liquefies; 2Ddly, by 
calculating it by means of mixing or bringing into close joxtaposition 
bodies at different temperatures, so that their temperatorea Hhall be 
equalized ; and 3dly, by observing the rate at whioh heated bodies cool, 
1409. Calorinuler of Lavoi- 
sier and Laplace. — The calori- 
meter of Lavoisier and Laplace 
is based upon the first of these 
principles. 

This apparstoB is represented 
ia Jig. 439. Two similar metallic 
vessels, v and y', are constnicted, 
one a little smaller than the oth^, 
BO that, when applied one within 
&e other, a sm^ space a may be 
left between them. From the 
bottom of the est«mal vessel v 
a discharge-pipe, with a stop-cock 
K, proceeds. From the bottom 
■_ of the inner vessel V a similar 
Fig. iS9. ' plp^pti^iewiH, which passes water- 

tight through the bottom of the 
vessel Y, and is also furnished with a stop-cock k'. 

This pipe k' is insert«d into a close vessel b. The external vessel 
V has a close cover, by which all eommunieation with the external 
air is cut off, and the inner vessel Y is likewise furnished with a smalt 
cover, by which all communication with the space A is intercepted. 
The space a between the two veseeb is filled with pounded ice ; and 
if the apparatus be placed in an atmosphere above 32°, this ice vrill 
be gradually liquefied, and the water produced by it will flow off 
through the cock s., when the stop-cock is open, and will be received 
in the vessel k'. The space a being kept continually supplied with 
ice, it is evident that the interior vessel v' will be maintained con- 
stantly at the l«mperatare of 32°, and the air included in it, and any 
objects placed in it will be necessarily reduced to that temperature. 

A third vessel v" is now placed within the second v', and the space 
B between the second and third is filled with pounded ice, in the same 
manner aa the vessel A. But it is evident that this ice cannot be affect- 
ed by the temperature of the external air, Mnce it is surrounded with 
the melting ice included in the space A, which is continually at 32°. 
If any object at a temperature above 32° be placed at c, within 
the vessel y", this object will gradually fall in its temperature by 
imparting its heat to the ice iu the space B ; and it will continue h) 
impart heat, and its temperature will continue to &11, until it arrives 
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at the temperature of 32^, when it will cease to liquefy the ice round 
it. The water proceeding from the liquefaction of the ice in the 
space B, is discharged through the pipe k', the stop-cock being opened, 
and is received in the vessel R. The quantity of water thus received 
in R will therefore be proportional to the heat imparted by the body 
contained in the vessel Y^' to the ice in the space B. 

If this apparatus be applied to solid bodies, it will be sufficient to 
introduce the body under experiment directly into the interior of the 
vessel V ; but if it be applied to liquids, it will be necessary that 
the liquid under experiment should be contained in a vessel, which 
vessel is introduced into y". In this case, the vessel containing the 
liquid should be reduced to the temperature of 32° before receiving 
the liquid, or, if not, the vessel should be raised to the temperature 
of the liquid, and introduced empty into the calorimeter, so as to 
ascertain the quantity of ice it would dissolve empty in falling from 
the temperature of the liquid to 32°. When the vessel is intro- 
duced, filled with the liquid, the quantity of ice liquefied will be the 
sum of the quantities liquefied by the vessel and by the liquid which 
it contains. But the quantity liquefied by the vessel being previously 
ascertained and subtracted, the remainder will be the quantity dis- 
solved by the liquid contained in the vessel. 

1410. Application of the cahrimete/r to determine specific heat. — 
If equal weights of the same body, placed in the apparatus at dif- 
ferent temperatures, cause quantities of water to be deposited in R 
which are proportional to the temperatifres through which they fall, 
it will follow that within such limits the specific heat is uniform. 
And, if the quantity of water deposited in r be divided by the num- 
ber of degrees through which the temperature of the body placed in 
the calorimeter has fallen, the quantity of ice dissolved by the heat 
corresponding to one degree will be found. This in fine being divi- 
ded by the weight of the body placed in the calorimeter expressed in 
pounds, the weight of ice dissolved by the heat which would raise 
1 lb. of the body one degree will be determined. 

To express this in arithmetical symbols : — 

Let w = the weight of the body placed in the calorimeter, 

T = its temperature, 

w' == the weight of water deposited in R while the body is re- 
duced from T° to 32°, 

X = weight of ice dissolved by the heat which would raise 1 lb. 
of the body one degree. 

We shall then have 

;r-r^ = thc wciffht of ico dissolved by the heat which would 

(t — 32) ^ ^ 

raise "W one degree ; 
and therefore, — 



QB HBAT. 



x= 



.wx(T — 32)' 

1411. Specific heat of water uniform. — In applying this method 
of experimenting to water, it is found that between the freezing and 
boiling points its specific heat is sensibly uniform, and that the heat 
necessary to raise 1 lb. of water one degree is that which would 
dissolve the 142*65th part of a lb. of ice. so that in the case of water 

1 
we have a;= ^^o./^r » (See Appendix.) 

1412. Metho4 of ascertaining the specific heai of other bodies by 
the calorimeter. — Let the specific heat of the body w be expressed 
by S; that of water being the unit. Hence we shaJOi have, 

w^ 1 

®'wx(T-32)' 142-65' 
and consequently, 

__ 142-65x w\ 

®'^wx(T— 32)' 
which gives the following 

KULE. 

Multiply the weight of ice dissolved hy 142*65, and multiply the 
weight of the body which dissolves the iceby the number of degrees 
of temperature it loses j and divide the former product by the latter. 
The quotient wiU be the specific heat of the body. 

1413. Method of equalization of temperatures. — ^When two bodies 
at different temperatures are mixed, or brought into juxtaposition in 
such a manner that that which has the higher temperature may 
transfer to that which has the lower temperature such a portion of 
its heat that the temperatures may be equalized, the relation between 
the spedifio heats may bo determined, provided no chemical action 
nor any change of state be produced by the contact or mixture. 

Let the weights of the two bodies be w and w', their temperatures 
T and a/, and their specific heats s and s' ; and let t be their common 
temperature, after the thermometric equilibrium has been established. 

It will therefore follow, that the temperature lost by w will be T — ^, 
and the temperature gained by w' will be < — t'. But from what 
has been already explained, the quantity of heat lost by W will be 
expressed by s x w x (t — 0) *^^ ^^ quantity of heat gained by 
w' will be expressed by s'xw'x (< — t'). But since the quantity 
of heat lost by w is imparted to V, these two quantities must be 
equal, and consequently we must have 

wx 8 X (t — 0=^ X s'x (t — i/); 

and from this we infer that 

8 : 8' :: w'x(« — t') : wx (T — 0> 
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that is to say, the specific heats of the two bodies are in the inverse 
proportion of the products of their weights^ and the temperatures 
which they gain and lose. 

This method of determining the relation between the specific heats 
is applicable either to two liquids, or to a solid and a liquid, provided 
that when they are mixed or brought together no chemical action 
takes place between them, and provided the solid be not liquefied. 
But if such action ensue, it is generally attended with the develop- 
ment or absorption of sensible heat, by which the common tempera- 
ture would be rendered either higher or lower than that which would 
result from mere admixture. 

1414. Application of this method. — If one of the bodies w' be 
water, we shall have s' = 1, and therefore 

W X (T — t) ' 

from which follows the 

EULE. 

Let the weight of a heated body immersed in water he multiplied 
hy the temperature it loses, and let the weight of the water he multi- 
plied hy Uie temperature it gains. The quotient obtained hy dividing 
the latter product hy the former will he the specific heal of the 
body. 

The method of determining the specific heat of gaseous bodies by 
means of the water calorimeter of Count Rumford, is similar in 
principle to the preceding method. This apparatus consists of a 
worm carried through a vessel of water in a manner similar to the 
worm of a still. The gas being previously weighed, prepared, and 
dried, is raised to 212^ by passing it through a similar worm placed 
in a vessel of boiling water. It is then passed through the worm of 
the calorimeter and raises the temperature of the water, its own 
temperature falling. The elevation of the temperature of the water 
and the fall of the temperature of the gas being observed, data are 
obtained from which the specific heat of the gas is calculated. 

1415. Method of cooling. — Equal and similar volumes of two 
bodies raised to the same temperature and allowed to cool under 
precisely similar circumstances, are assumed to lose equal quantities 
of heat per minute. In order to ensure the exact fulfilment of these 
conditions, a multitude of precautions are necessary which cannot 
be detailed here. The result, however, is that by observing the 
intervals of time which are necessary for equal volumes of the two 
bodies to fall one degree, we obtain the ratio of the quantities of 
heat which they lose, and this being determined for equal volumes, 
the quantities for equal weights may be inferred from the specific 
gravities of the bodies, and the specific heats will thus be obtained. 
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This was applied widi considerable saocess bj Bnlong and Petit, 
and also by Eegoault 

1416. Remits of cahrimetric researches^ — Having thus explained 
ihe principal methods bj which iiie specific heat of bodies has been 
experimentally ascertained, we shall now state the most important 
results which have been attained in this department of the physics 
of heat. 

1417. Relation of specific Tieat to density, — The specific heat of 
bodies diminishes as their density is increased, and vice versd. This 
explains the fact^ that mechanical compression will, withont a,ny 
addition of heat, raise the temperature. If metal be hammered it 
becomes hot, and it is even affirmed that iron has been rendered 
incandescent in this manner. 

1418. The fire-syringe, — The syringe in which compressed air is 
made to inflame amadou [«pt«n^] acts on this principle. The air 
compressed under the syringe acquires a greatly diminished specific 
heat, and, consequently, although it has received no heat from any 
external source, the same heat which before compression only gave it 
the common temperature of the surrounding medium, gives it, after 
compression, a temperature high enough to produce the ignition of a 
highly inflammable substance like amadou. 

1419. Spedfi/c heat of gases and vapours increases as their density 
is diminished, ^—JxL general, no practicable force can prevent the 
dilatation of solids and liquids when their temperature is elevated. 
This, however, is not the case with gases and vapours, which, when 
heat is imparted to them, may either be permitted to expand under a 
given pressure, like solids and liquids; or maybe confined to a given 
volume, which they will continue to fill in consequence of their 
elasticity (Hand-book of Hydrostatics, &c., 706), however their 
temperature may be lowered, and which they will not exceed, how- 
ever their temperature may be raised. 

In this case, the heat imparted or abstracted is manifested by a 
corresponding change of pressure of the gas or vapour instead of dilar 
tation or contraction. 

1420. Bpecifixi heat under constant presmxre and constant vohime, 
-—By the specific heat of a gas or vapour is to be understood its 
i^ec^c heat when subject to a constant pressure, that is to say, when 
it is susceptible, like solids and liquids, of dilatation and contraction. 

Specific heat is, however, a term sometimes, though not so properly, 
applied to the heat necessary to raise the gas or vapour one degree 
when confined within a given volume. This last is sometimes also 
called, for distinction, the relative heat 

1421. Greater under a constant pressure, — The specific heat of 
a gas or vapour under a given pressure is greater than under a given 
vdume. This difierence is explained by the fiict, that, in expanding, 
the temperature falls, and therefore that, when confined to a glveoi 
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'yoliuney less heat is sufficient to produce a given elevation of temper^ 
ature than when confined under a given pressure, where the dilatation 
diminishing the density absorhs a portion of the heat. 

For atmospheric air,ozygen and hydrogen, the ratio of the specific 
heat under a given pressure is to the specific heat in a given volume 
as 1*421 to 1. For carbonic acid it is 1*338; for carbonic oxide, 
1*428 y for nitrous oxide, 1*343 ; and for defiant gas, 1*240. 

1422. Example of the expanswuh of high-pressure steam, — The 
expansion of high-pressure steam escaping from the safety valve 
forms, a remarkable instance that the same quantities of heat may 
give very different temperatures to a body, in different states of 
density. Steam produced' under a pressure of 35 atmospheres has 
the temperature of 4l9^. When such steam escapes into the atmo« 
sphere^ it undergoes a prodigious expansion without losing heat, and 
suffeis a considerable fidl in temperature. 

1428. Low temperature of superior strata of atmospTiere. — ^The 
circumstance that rarefied air has an increased capacity for heat, 
will explain the very low temperatures which are known to exists in 
the higher regions of the atmosphere. 

This effect beeomes extremely sensible when we ascend to any con- 
siderable height, as has been manifest in ascending high mountains 
and in balloons. Upon these occasions, the cold has sometimes become 
so intense that mercury in the thermometer has been frozen. In strata 
so elevated that the permanent temperature of the air is below 32^, 
water cannot continue in the liquid state ; it exists there only in the 
form: of ice or snow, and we accordingly find eternal snow deposited 
upon those parts of high mountains which exceed this limit of 
temperature. 

1424. Liiie of perpetual snow, — The level of that stratum of air 
which by its rarefaction reduces the temperature to 32°, is called the 
Utis of perpetual snow, and its position in different parts of the earth 
varies, the height increasing generally in approaching the equator, 
and falling towards the poles. The various conditions which affect 
the position of this line in different parts of the earth, will be ex« 
plained in a subsequent book. 

1425. Liquefaction of gases, — ^The elevation of temperature pro- 
duced by the compression of gases, has supplied means of reducing 
some of them to the liquid form. 

Gases may be considered as vapours raised from liquids, which 
have received, after their separation from the liquid which produced 
them, a large additional supply of heat. It is to the effects of this 
surplus heat that their permanent maintenance in the gaseous state 
must be ascribed. If, by any means, they can be deprived of this 
surplus heat, so that no heat shall be left in them except that which 
they received in the process of vaporization, any further loss of heat 
would necessarily cause them to return, in more or less quantity, to 
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the liquid form. But if the specific heat be so great, that notwith- 
standing all the heat transmitted to the gas after taking the vaporous 
form, it still has attained only the common temperature of the atmo- 
sphere, it is clear that it can only be restored to the liquid form, either 
by reducing its temperature to an immense extent, by the application 
of freezing mixtures, or by first raising its temperature by high de- 
grees of mechanical compression, and then allowing it to fall to the 
temperature of surrounding objects, or in fine, by combining both 
these methods. Thus atmospheric air, at the common temperature 
of 50°, being compressed into a diminished volume, in the propor- 
tion of 10,000 to 3, its temperature would be raised through an 
extent of 13,500° of heat, according to Leslie's experiment. This 
heat being immediately abstracted by the surrounding objects, its 
temperature would fall to that of the medium in which it is placed. 
Thus, without the application of a freezing mixture, or other means 
of cooling, an immense abstraction of heat may be effected ; and this 
may be continued so long as a mechanical force adequate to the further 
compression of the gas could be exerted. Freezing mixtures may 
then be applied to the further reduction of temperature. 

1426. Development and absorption of heat hy chemical combi- 
nation. — When different liquids are mixed, or when solids are dis- 
solved in liquids, chemical phenomena are generally developed, in con- 
sequence of which the specific heat of the mixture differs from that 
which it would have if the constituents were merely interfused with- 
out any change in their thermal qualities. Like the other qualities 
of the constituents, their specific heats are, in this case, modified; and 
the compound is generally found to have a less specific heat, than 
that which would be inferred from the specific heats of its components. 
When the chemical combination is thus, as it is almost universally, 
attended by a diminution in the specific heat of the compound, as 
compared with that which would be computed from the specific heats 
of its components, it is also found that the volume of the mixture 
is less than the sum of the volumes of its compounds, and that the 
temperature of the mixture is higher than the common temperature 
of the liquids mixed. 

Thus, for example, if a pint of water and a pint of sulphuric acid, 
both of the temperature of 57°, be mixed, the mixture will rise to 
the temperature of 212°, and the volume of the mixture will bo 
considerably less than a quart. The chemical attraction of the par- 
ticles, therefore, in this and like cases, produces condensation, and, 
in fact, the same* effect ensues as would be produced by compression. 
The elevation of temperature may be explained in exactly the same 
manner, as when bodies are compressed by mechanical force. The 
specific heat of the mixture being less than that which is due to its 
component parts, and the absolute quantity of heat contained in it not 
being diminished, that quantity will raise it to a much higher temper- 
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ature than that which it would have had; if the specific heats remained 
unaltered. (See Appendix.) 

1427. Specific heats of simple gases equal under the same pres- 
sure. — ^Under equal pressures the simple gases have the same specific 
heat. This uniformity, however, does not prevail among the com- 
pound gases, as will appear by the tables of specific heat of the 
gases. 

1428. Formula for the variation of specific heat ccmsequent an 
change of pressure. — The law according to which the same gas varies 
its specific heat with the change of pressure or density is, according 
to Poisson, expressed by the formula — 

where p expresses the pressure in. inches of mercury, s' the specific 
heat under the mean pressure of 30 inches, and k the constant num- 
ber, which expresses the ratio of the specific heat under a given 
pressure to the specific heat under a given volume, which, in the case 
of common air and the simple gases, is 1*421^ as has been already 
explained, and as will appear by the tables. 

1429. Relation between specific heat and atomic weight. — On 
comparing together the numbers expressing the specific heat of the 
simple bodies, with those which express their atomic weights or chem- 
ical equivalents, Dulong and Petit observed that the one increased 
in almost the exact proportion in which the other diminished, so that 
by multiplying them together, a product very nearly constant was 
obtained. 

From this it would follow, upon the atomic hypothesis, that the 
specific heats of the atoms of all the simple bodies are^qual; for 
in equal weights, the number of constituent atoms will be great in 
proportion as the individual weights of these atoms are small. The 
number of atoms, therefore, in equal weights, being inversely pro- 
portional to the weights of the atoms, and the specific heats being also 
inversely proportional to the weights of the atoms, it follows that the 
specific heats of equal weights are in the proportion of the number 
of atoms contained in those weights, and that, consequently, the 
specific heats of the component atoms must be equal. 

This, therefore, is a quality in which the atoms of all simple 
bodies, however they may differ in other respects, agree — that their 
temperatures are equally affected by the same quantity of heat. 

That this law is not rigorously exact, however, is proved by the 
fact, that the specific heat of the same body is different at different 
temperatures and in different states. 

It has resulted from the researches of Begnault, that the relation 
between the specific heat and atomic weights^ observed by Dulong 

II. 7 
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and Petit in the simple bodies, also prevuls among compound bodies, 
and that, in general, in all compound bodies of the same atomic 
composition, and lisTing similar chemical cooslitaente, the specific 
heat is in the iuTerse ratio of the at«mio weight ; this taw, however, 
beiog sul^ect to the same qualificatjoa which has been already men- 
tioned for the simple bodies. 

The nnmerical results which manifest the preralence of this law 
will be seen in the tables of specific heat. 

1430. Tahles of q>eciJio heat, — The tbllowiog Beiies of tables 
supply, in a snmmarj form, tiie results of the most recent experi- 
mental lesearches respecting the specific heat of bodies, and the 
relation between these and their chemical constitution. 



Table o/wpecific Sealt oftimpU and compound Bodies, deUrmined 

lif M. Jiegnatde. 



PrtUmSHMirif SMntlu. 

BniH 

Olau 

W»l« 

Tiupenlinv, ipiiU of. 

Simplt iailu, ptrt. 

zioc'.'"*'."'.'.'.'.'.""'.!'.".!',!'.'.'.!!! 

Copper 

Silver ....'.'.'■^'.'.'.'.'.'.'.'.'.'.'.'.r.'.'.'.''.;'. 

i>iut...'.'.'.l.t!!',!','.'. '.".'.'.!'.".'.'.'. '.!'.*, 

Tin, Indiu!"'.!'.!'.'!!'.!!'.!'.'*.'!!!! 

Cobili '. V. V. '.*.'. '. '.'. '. '. ".*. '. ', '. '.'.'.'. '. '.'. '. 
FKtinum. HUM 

Slivl* t^w, If r*n. 
Urtniiim 

Ko\yMeBam\\"\\V".'.'.'.'.'.'.'.'.'.'.'.'. 

Slwi(»a<amtnB)V.'.'.'.".'.'.'.'.'.'.'.'.'.'. 
Hanfantw, itiy cuhuNUsd 



.^^.^ 


Xi^.'LM'; 


,^ 


o^>9^9l 






H»8D 






D-iins 




38-59T 
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Names of Sobttances. 



Metallic alloys. 

Lead, 1 tin 

" 2 " 

" 1 antimony 

Bismuth, 1 tin 

2 " 

<* ] antimony 

•* 1 " 2 zinc. 

** 1 bismuth 

♦•2 " 



<« 

« 



2 
2 
2 
2 

Mercury, 1 " . 

2 '• . 

** 1 lead 



Lead, 

li 



Oxidw, RO. 

Protoxide of lead in powder 

" 'cast..*.*,^ 

Oxide of mercury , 

Protoxide of manganese 

Oxide of copper 

" ofnickel - 

** " calcined at the forge. 



Mean. 

Magnesia 

Oxide of zinc ... 



OaadM, R«0». 

Peroxide of iron (iron oligist) 

slightly calcined 
doubly calcined . 
strongly calcined 



•-••« ••••••••••• 



«( 
t( 

Acid, arsenious 

Oxide of chromium ..•-«. 

'' of bismuth 

" of antimony. ....^ 



twice 



Mean 

Alumina (Cori ndon) 

" (sapphire) 

Oxides, R0>. 

Acid, stannic 

** titanic (artificial) 

♦• " (rutile) 



Mean . . . . 
** antimonious 



Oxides, R0». 



Acid, tungstic. . 
" molybdic. 
** silicic ... 
*' boracic . . 



Oxides, complex. 
Magnetic iron, oxide of 



Sulphurets, BS. 

Proto-sulphuret of iron 

Sulphuret of nickel 

** of cobalt 

** of zinc 

•• of lead 

♦* of mercury 

Proto-sulphuret of tin 



Mean. 



Spocific Hektt. 



Atomic Weie'ts. 
(Oxy^n^lOO.) 



04073 
004506 
003880 
004000 
0- 04504 
0-04631 
005657 
0- 04476 
0- 06082 
007394 
0- 06591 
003827 



05118 
0- 05089 
0-05179 
0- 15701 
0-14301 
0-16334 
0-15885 



34394 
0- 13480 



0.16695 
0- 17569 
17167 

0-16814 
0- 12786 
0-17960 
06053 
09009 



0- 19763 
0-31733 



009336 
017164 
0-17032 



0-09535 



0- 07983 
013340 
0- 19132 
0-23743 



0-16780 



0-13570 
0-13813 
0-13513 
0-13303 
0- 05086 
0-05117 
0-08365 



1014-9 


931-7 


1050-5 


1033-8 


933-7 


001-8 


735-6 


1033-9 


1088-2 


1000-5 


912-1 


1280-1 


1394-5 


1394-5 


1365-8 


445-9 


495-7 


469-6 


469-6 




353-4 


503-3 


978-4 


978-4 


978-4 


978-4 


1340 1 


1003-6 


2960-7 


1913-9 


• • • • t • 

643-4 


643-4 



935-3 
503-7 
503-7 



1006-5 



1483-8 
898-5 
577-5 
436-0 



1417-6 



540-4 

570-8 
570 
604-4 
1495-6 
1467 
936-5 



Ffodncti. 



41-34 
41^53 
40-76 
41-31 
4305 
41-67 
41-61 
45-83 
66-00 
72-97 
60-12 
48-90 



71-34 
70-94 
70-74 
70 01 
70-39 
76-21 
74-60 

72-03 
63 03 
62-77 



163-35 
171-90 
168-00 

164*44 
158-56 
180-01 
179-23 
172-34 

169-73 
126-87 
139-61 



87-23 
86 45 
85-79 

86-49 
95-93 



118-38 
118-96 
110-48 
103-52 



237-87 



73-33 
73-15 
71-34 
74-35 
7600 
75-06 
78-34 

74-51 
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Nunet of SabaUaeet. 



Specific Heatt. 



SulphuretSf R«S>. 

Salphuret of antimony 

*• of biamutb 

Meant^«. 

8ulpkuret8t RS>. 

Bi-Bulphoret of iron 

" of tin ^. 

Sulpburet of moly bdeniun 

Mean -.... 

Sulpkurett, R«a 

Salphuret of copper 

'* of silver 

Sulphureti, complex, 
Pyritet, magnetic. ..-. 

Chlorides, R«CI*. 

Chloride of Bodiom 

*• of potassiam 

Proto-chloride of mercury 

<• ofcopper 

Chloride of ailver .^.^,^^ 

' Mean 

Oiloridett RCl*. 

Chloride of barium. 

" of strontium -^. 

'* of calcium 

" of magnesium 

" of lead - , 

Perchloride of mercury 

Chloride of zinc 

Perchloride of tin ^ 

Mean 

Chloride of manganese 

Chloridee volatile, RCl^ 

Chloride of tin 

of titanium 

Mean 

Chloridee volatile, R^l«. 

Chloride of arsenic 

" of phosphorus 

Mean 

Bromidee, R^Br^ 

Bromide of potassium 

" of silver 

Mean ^^ .' 

Bromide of sodium 

Bromidee, RBi*. 
Bromide of lead 

lodideof B.H*. 

Iodide of potassium 

** of sodium 

Prot-iodide of mercury 

Iodide of silver y. 



0-08403 
006002 



0*13009 
0*11932 
0*12334 



0*13118 
0-07460 



0*16033 



0-31401 
0-17395 
005205 
0-13837 
0-09109 



0-08957 
0-11990 
0-16420 
0-19460 
006641 
0-06889 
0-13618 
0-10161 



0-14355 



0-14759 
0*19145 



0*17604 
0-80922 



0-11322 
0-07391 



0-13842 



0*05326 



008191 
0-08684 
0-03949 
0-06159 



Atomic Weifr'tt. 
(OxygnDsrlOO.) 


Products. 


2216*4 
3261*2 


186-21 
195-90 


191-06 


741*6 
1137*7 
10010 


96-45 
135*66 
123-46 


129-56 


9920 
1553*0 


130-21 
115-86 


733*5 

032*5 

2974*2 

1334*0 

1794*2 


156-97 
16119 
154-80 
156-83 
163*42 


158-64 


1299*5 
989-9 
698*6 
601*0 

1737-1 

1708-4 
845*8 

1177-9 

788*5 


116*44 
118-70 
114-78 
118-54 
115-35 
117-68 
115-21 
119*59 


117-03 
112*51 


1620*5 
1188*9 


839-18 
237*63 


333-40 


2267-8 
1720*1 

• •«-• • • 


39936 
359*86 


379*51 


1468-8 
2330*0 

• >•••• 
1369-3 


166*31 
173-31 


169*76 
175*63 


2272-8 


131*00 


3068*2 
1869-2 
4109-3 
2929-9 


169-38 
163*30 
163-34 
180 45 
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Names of Substances. 



Prot-iodide of copper 

Mean 

Iodides, RP. 

Iodide of lead •••• 

Per-iodlde of mercury 

Mean ^^ 

Fluoridss, RFl*. 
Fluoride of calcium 

mtratea, AzK)»+R*0. 
Nitrate of potash 



Specific Heats. 






of soda 
of silver 



Mean......... 

mtraUa, A2H5«+RO. 
Nitrate of baryta **^ ^-..... 

CkloraUa, C1*0»+R*0. 
Chlorate of potash. ««- 

Phosphates, P»0»+2R'K) (Pyrophosphates), 
Phosphate of potash 



of soda 

Mean 

Phosphate, F>0»+2R0. 

Phosphate of lead 

MetaPhosphaU, F»0»+RO. 
Meta-phosphate of lime 

PhosphaU, PK)»+3R0. 
Phosphate of lead. 

jirseniates, Afi(«0»+R«0. 
Arseniate of potash 

Jlrseniates ofUad, A8«K)»+3 PbO. 
Arseniate of lead 

Sulphates, SO'+R^. 
Sulphate of potash 



of soda. 

Mean 

Sulphates, BO'+RO. 



Sulphate of baryta. .. 
** of strontia • • 

*• of lead 

•• of lime 

** of magnesia. 



Mean 



Chromates. 

Chromate of potash 

Bi-chromate of potash 

Borates, B»0«+R«0. 

Borate of potash 

*• of soda 



Mean; 



0-06869 



004367 
0-04197 



0-21492 



0-23875 
027821 
014352 



0-15228 



0-20956 



0-19102 
0-22833 



008208 



0-19923 



007982 



0-15631 



0-07280 



0-19010 
0-23115 



0-11285 
0-14279 
008723 
019656 
0-22159 



0-18505 
018937 



0-21975 
023823 



Atomic WeifHs. 
(Oxygen =±100.) 



23G9-7 



2872-8 
28441 



489-8 



1266-9 
1067-9 
2128-6 • 



Frodacts. 



M 



5623-5 



10911 
892-1 



1458-1 

1148-5 

1895-7 

857-2 

759-5 



1241-7 
1893-5 



1461-9 
1263.9 



162-81 
167-45 

122-54 
119-36 

120-95 
105-31 



302-49 
297-13 
305-55 




it 



400-37 



207-40 
206-21 

206-80 



164-54 
164-01 
165-39 
168-49 
168-30 




31107 
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NtnM* of SobtUncfls. 



Borates, BK)*+RO. 
Borate of lead •^^ 

Borate*, B*0*+2 R^. 

Borate of potash 

'* ofsoda... 

Mean 

Borates, BO* +2 RO. 
Borate of lead 

Tkingstates. 
Wolfram 

Silieates. 
Zircon 

Carbonates, CO>+R^. 

Carbonate of potash 

** of soda 

Mean 

Carbonates, CO^+RO. 

Carbonate of lime (Iceland spar) . . 

" " (Arragonite).... 

Marble, white 

" grey 

Chalk, white 

Carbonate of baryta 

" ofstrontia 

** ofiron 

Mean 

Carbonate of lead 

it «» 



Specific Heats. 



011409 



0-20478 
025709 



0-09046 
009780 
0-14558 



0-31623 
0-27275 



0-20858 
0-20850 
0-21585 
0-20989 
021585 
011038 
014483 
0-19345 



0-08596 
0-21743 I 



Atomic Weir'te. 
(Oxygen sslOO.) 



2266-5 



1025-9 
826-9 



1830-5 



<t 



865-0 
6660 



631-0 
6310 
6310 
6310 
631-0 
1231-9 
922-3 
714-2 



1669-5 
582-2 



Product!. 



258-00 

219-52 
212-60 

216-06 
164 54 



t* 



187-04 
181-65 

184-35 



131-61 
131-56 
136-20 
132-45 
135-57 
135-99 
133 58 
138-16 

134-40 
143-55 
126-59 



Specific Seats of different Bodies, determined hy M, Regnavlt, 



Nunes. 



Animal black 

Wood charcoal 

Coke of cannel coal 

** of small coal 

Welsh anthracite coal 

Philadelphian «* 

Graphite, natural 

** of smelting furnaces . 

" of gas retorts 

Diamond 

Turpenti ne 

T6r6bdne 

Terebildne 

Camphil^ne 

Oil of lemons-.. 

Oil of orange peel .-... 

Oil of juniper 

Petrol6ne - 

Steel, sofl 

** tempered 

Metal of acute cymbals 

<* of soft cymbals, tempered. 

Dutch tears, hard 

** annealed . 



Specific Heat*. 


Densitiet. 


0-26085 




0-24150 




0-20307 




0-20085 




0-20171 




0-20100 




0-20187 




0-19702 




0-20360 




014687 




0-4672 




0-4656 




0-4580 




0-4518 




0-4879 




0-4886 




0-4770 




0-4684 




01165 


7-8609 


01175 


7-7982 


0-0858 


85797 


0-0862 


8-6343 


0-1923 




0-1937 
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NunM. 


Specific H«AtB.* 


Deatitiet. 


Sulobur naturally crvstallJzed. 


01776 
01764 
01803 
01844 

0-4160 
0-6448 
0-6588 
0-8413 
0-9402 
0*6501 




•' melted for two vwars « 


•• " for two months •.... 


•* '* recently 


Water 


Soirit of taroentine 


Solution of chloride of calcium 


Soirit of wine, common at 960. No. 1 • 


" more dilute No. 2..i'« >•-• 


" still more dilute No. 3. 


Acetic Rcid concentrRted not crv&tallizAd .*•••• 







Specific Seats, determined hy M. Regnaidt, 



Names of Bodies. 



Distilled water 

Spirit of turpentine 

Solution of chloride of calcium 

Spirit of wine, common. No. 1 

" weaker, No. 2 

*' still weaker, No. 3. . . 
** common 

Acetic acid 

Mercury 

T^r^bdne 

Oil of lemon 

Petroldne 

fienzi ne 

Nitrobenzine 

Chloride of silicium 

" of titanium 

" oftin 

Protochloride of phosphorus 

Sulphuret of carbon 

Ether ^ 

" sulfhydric f 

" iodhydric 

Spirit of wine 

Ether, oxalic 

Wood spirit 

Ether, iodhydric 

" bromhydric '. 

Chloride of sulphur , 

Acetic acid, crystallizable . 





Specific Heats. 




From 68° to 69^ 


From SSP to W>. 


From 50° to 41°. 


0-6462 


it 
0-6389 


t4 
tt 

0*6423 


06725 


0-6651 


0-6588 


0-8518 


0-8429 


0-8523 


0-9752 


0-9682 


0-9770 


0-6774 


0-6540 


06465 


0-6589 


0-6577 


06609 


00290 


00-283 


00-282 


4267 


0-4156 


04154 


0-4501 


0-4424 


0-4489 


0-4342 


0-4325 


0-4321 


0-3932 


0-3865 


03999 


0-3499 


3478 


03524 


01904 


01904 


01914 


0-1828 


01802 


oiaio 


0-1416 


0-1402 


0-1421 


01991 


0-1087 


02017 


, 0-2206 


02183 


2J79 


0-5157 


0-5158 


0-5207 


0-4772 


4653 


04715 


01584 


0-1584 


0-1587 


0-6148 


0-6017 


0-5987 


0-4554 


0-4521 


0-4629 


0-6009 


0-5868 


0-5901 


1569 


0-1556 


0-1574 


02153 


2135 


0-2164 


0-2038 


0-2024 


0-2048 


04618 


0-4599 


0-4587 
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LIQUEFACTION AND SOLIDIFICATION. 

1431. Thermal phenomena attending liquefaction. — It has been 
already explained, that when heat is imparted in sufficient quantity 
to a solid body, such body will at a certain point pass into the liquid 
state ; and when it is abstracted in sufficient quantity from a liquid, 
the liquid at a certain point will pass into the solid state. 
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1432. — Certain thermal phenomena of great interest and import- 
ance are developed in the progress of these changes, which it will 
now be necessary to explain. 

Let US suppose that a mass of ice or snow, at the temperature of 
20°, is placed in a vessel and immersed in a bath of quicksilver, 
under which spirit-lamps are placed. Let one thermometer be 
immersed in the ice or snow, and another in the mercury. Let 
the number and force of the lamps be so regulated, that the ther- 
mometer in the mercury shall indicate the uniform temperature of 
200°. The mercury imparting heat to the vessel containing the ice, 
will first cause the ice to rise from 20° to 32°, which will be indi- 
cated by the thermometer immersed in the ice; but when that 
thermometer has risen to 32°, it will become stationary, and the ice 
will begin to be liquefied. This process of liquefaction will continue 
for a considerable time, during which, the thermometer will continue 
to stand at 32° ; at the moment that the last portion of ice is 
liquefied, it will again begin to rise. The coincidence of this elevation 
with the completion of the liquefaction may be easily observed, 
because ice, being lighter bulk for bulk than water, will float on the 
surface, and so long as a particle of it remains unmelted it will be 
visible. 

Now, it is evident that during this process, the mercury maintained 
at 200° constantly imparts heat to the ice : yet from the moment the 
liquefaction begins until it is completed, no increase of temperature 
is exhibited by the thermometer immersed in the ice. If during 
this process no heat were received by the ice from the mercury, the 
lamps would cause the temperature of th^ mercury to rise above 200°, 
which may be easily proved by withdrawing the vessel of ice from 
the mercurial bath during the process of liquefaction. The moment 
it is withdrawn, the thermometer immersed in the mercury, instead 
of remaining fixed at 200°, would immediately begin to rise, although 
the action of the lamps remained the same as before ; from which it 
is obvious that the heat, which on the removal of the ice causes the 
mercury to rise above 200°, was before imparted to the melting ice. 

1433. It is evident, therefore, that the heat which is received by 
the melting ice during the process of liquefaction is latent in it, being 
incapable of affecting the thermometer or the senses. 

If the hand be plunged in the ice at the moment it begins to melt, 
and at the moment that 'its liquefaction is completed, the sense of 
cold will be precisely the same, notwithstanding the large quantity 
of heat which must have been imparted to the ice during the process 
of liquefaction. 

1434. Quantity of heat rendered latent in liquefaction, — The 
quantity of heat which is absorbed and rendered latent in the process 
of liquefaction, can be directly ascertained by the calorimeter of 
Laplace and Lavoisier (1409). To ascertain this in the case of ice, 



LIQUEFACTION AND SOLIDIFICATION. 81 

it is only necessary to place a pound of water at any known temper- 
ature in the apparatus, and observe the weight of ice it will dissolve 
in falling to any other temperature. In this way it will be found, 
that in falling through 142°-65 it will dissolve a pound of ice ; and 
in general, any proposed weight of water, in falling through this 
range of temperature, will give out as much heat as will dissolve its 
own weight of ice. 

1435. Hence it is inferred, that when ice is liquefied, it absorbs 
and renders latent as much heat as would be sufficient to raise its 
own weight of water from 32° to 32° + 142°-65=174°-65. 

1436. The latent heat of water has for the last half century been 
estimated at 135°, that having been the result of the experimental 
researches of Lavoisier and Laplace. Dr. Black's estimate was 140°, 
and that of Cavendish 150°. A series of experiments have lately 
been made, under conditions of greater precision, by MM. de la 
Provostaye and Desains, from which the above estimate has been 
inferred. 

Dr. Black, who first noticed this remarkable fact, inferred that ice 
is converted into water by communicating to it a certain dose of heat, 
which enters into combination with it in a manner analogous to that 
which takes place when bodies combine chemically. The heat thus 
combined with the ice losing its property of affecting the senses or 
the thermometer, the phenomenon bears a resemblance to those cases 
of chemical combination, in which the constituent elements change 
their sensible properties when they form the compound. 

1437. Latent heat rendered sensible by congelation, — If it be 
true that water is formed by the combination of a large quantity of 
heat with ice, it would necessarily follow, that, in the reconversion 
of water into ice, or in the process of congelation, a corresponding 
quantity of heat must be disengaged. This fact can be easily estab- 
lished, by reversing the experiment just described. 

Let us suppose that a vessel containing water at 60° is immersed 
in a bath of mercury at the temperature of 60° below the freezing 
point. If one thermometer be immersed in the mercury, and another 
in the water, the former will gradually rise, and the latter fall, until 
the latter indicates 32°. This thermometer will then become sta- 
tionary, and the water will begin to freeze ; meanwhile the thermo- 
meter immersed in the mercury will still rise, proving that the water 
while it freezes continually imparts heat to the mercury, although 
the thermometer immersed in the freezing water does not fall. When 
the congelation is completed, and the whole quantity of water is 
reduced to the solid state, then, and not until then, the thermo- 
meter immersed in the ice will again begin to fall. The thermo- 
meter immersed in the mercury will rise without interruption, until th& 
two thermometers meet at some temperature below 32°. 

1438. It is evident from this, that the heat which was latent in 
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the water while in the liquid state, is gradually disengaged in the 
process of congelation ; and since the temperature of the ice remains 
the same as that of the water before congelation^ the heat thus dis- 
engaged must pass to some other object, which in this case is the 
mercury. 

When congelation takes place under ordinary circumstances, the 
latent heat which is disengaged from the water which becomes solid 
is in the first instance imparted to the water which remains in the 
liquid state. When this water passes into the solid state, the heat 
which is disengaged from it is transmitted to the adjacent water 
which remains in the liquid state ; and so on. 

1439. Other methods of determining the latent heat of water. — 
The latent heat of water may be further illustrated experimentally 
as follows. Let two equal vessels, one containing a pound of ice at 
32**, and the other containing a pound of water at 32°, be both im- 
mersed in the same mercurial bath, maintained by lamps or otherwise 
at the uniform temperature of 300°, and let thermometers be placed 
in the ice and the water. The ice will immediately begin to melt, 
and the thermometer immersed in it will remain stationary. The 
thermometer immersed in the water will, however, at the same time 
begin to rise. When the liquefaction of the ice has been completed, 
and the thermometer immersed in it just begins to rise, the ther- 
mometer immersed in the water will be observed to stand at 174°-66. 
It follows therefore, supposing the ice and the water to receive the 
same quantity of heat from the mercury which surrounds them, that 
as much heat is necessary to liquefy a pound of ice as is sufficient 
tp raise a pound of water from 32° to 176° -65, which is 142° -66 j a 
result which confirms what has been already stated. 

1440. The following experiment will further illustrate this impor- 
tant fact. 

First let a pound of ice at 32° be placed in a vessel, and let a 
pound of water at 174°-65 be poured into the same vessel. The hot 
water will gradually dissolve the ice, and the temperature of the 
mixture will rapidly fall ] when the ice has been completely dissolved, 
the water formed by the mixture will have the temperature of 32°. 
Thus although the pound of warm water has lost 142° -65, the 
pound of ice has received no increase whatever of temperature. It 
has merely been liquefied, but retains the same temperature as it had 
in the solid state. 

That it is the process of liquefaction alone which prevents the 
heat received by the ice when melted from being sensible to the 
thermometer, may be proved by the following experiment. 

Let a pound of water at 32° be mixed with a pound of water at 
174° -65, and the mixture will have the temperature of 103°, exactly 
intermediate between the temperatures of the compounds. But if 
the pound of water at 32° had been solid instead of liquid, then the 
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mixture woulil have had^ as already explained, the temperature of 
32°. It is evident, therefore, that it is the process of liquefaction, 
and it alone, which renders latent or insensible all that heat which 
is sensible when the pound of water at 32° is liquid. 

1441. lAqiiefaction and congelation must always he gradual 
processes. — It was formerly supposed that water at 32° would pass 
at once from the liquid to the solid state, on losing the least portion 
of heat; and that, on the other hand, a mass of ice would pass 
instantly from the solid to the liquid state, on receiving the least 
addition of heat. What has been just explained, however, shows 
that this sudden transition from the one state to the other cannot 
take place. 

1442. When a mass of water losing heat gradually is reduced to 
32°, small portions of ice are formed, which give out their latent heat 
to the surrounding liquid, and for the moment prevent its congela- 
tion. As this liquid parts with its heat to surrounding objects, more 
ice is formed, which in like manner disengages its latent heat, and 
communicates it to a portion of the water stiU remaining liquid, thus 
tending to raise its temperature and keep it in the liquid state. The 
rapidity of the congelation will depend on the rate at which the 
uncongealed portion of the water can impart its heat to the surround- 
ing air and other adjacent objects. 

The same principles explain the gradual process of the liquefaction 
of ice. A small portion of ice first receives heat from some external 
source, and having received as much heat as would raise its own 
weight of water through 142° -65 of the thermometric scale, it 
becomes liquid. Then an additional portion of ice receives the same 
addition of heat, and is likewise rendered liquid ] and so the process 
goes on until the whole mass of ice is liquefied. 

1443. Water may continue in the liquid state below 32°. — It is 
possible, under certain circumstances, to maintain water in the liquid 
state below the freezing point. If a vessel of water be carefully 
covered up, free from agitation, and exposed to a temperature of 22°, 
it will gradually fall to that temperature, still remaining in the liquid 
state ; but if it be agitated, or a particle of ice or other solid body 
be dropped into it, its temperature will suddenly rise to 32°, and a 
portion of it will be converted into ice. 

1444. Explanation of this anomaly, — To explain this singular 
fact, it must be considered that tho portion of the liquid which is 
thus suddenly solidified disengages its latent heat, which is commu- 
nicated to that part of the water which still remains liquid, and 
raises it from 22° to 32°, and the remainder of the heat thus disen- 
gaged becomes sensible, instead of being latent in the ice itself, 
whose temperature it raises from- 22° to 32°. 

It follows, from what has been already explained, that the entire 
quantity of latent heat disengaged in this case would be sufficient to 
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raise as much water as is equal in weight to the ice which has been 
formed through 142° -65, or, what is the same, it would raise 14 J 
times this quantity of water through 10°. Now, in the present 
case, the whole quantity of water in the vessel, including the frozen 
part, has in fact been raised 10°, and it would follow, therefore, that 
the frozen portion should constitute one part in 14J of the whole 
mass. 

This test of the quantity of latent heat of water was applied with 
complete success, experimentally, by Dr. Thomson, who showed that 
when water cooled without congelation to 22° was suddenly agitated, 
a portion was congealed, which bore the proportion to the whole quan- 
tity just mentioned, that is to say, 10 parts in 142°*65 of the entire 
mass. He found, likewise, that the same result was obtained when 
the water was cooled to any other temperature, below 32° without 
congelation. Thus, when water cooled to the temperature of 27°, 
without congelation, was agitated, it was found that 28*5 part of the 
whole mass was congealed. In this case, the whole mass was raised 
through 5° ; and since the heat developed by the frozen portion would 
be sufficient to raise 28 J times this portion through 5°, it follows 
that the frozen portion must be the 28-5 part of the whole mass. 

1445. Useful effects produced hy the heat absorbed in liquefaction 
and developed in congelation, — The great quantity of heat absorbed 
by ice when it melts, and given out by water when it freezes, sub- 
serves to the most important uses in the economy of nature. It is 
from this cause that the bcean, seas, and other large natural collec- 
tions of water are most powerful agents in equalizing the tempera- 
ture of the inhabited parts of the globe. In the colder regions, every 
ton of water converted into ice gives out and diffuses in the surround- 
ing region as much heat as would raise a ton of liquid water from 32° 
to 174° -65 ; aud on the other hand, when a rise of temperature takes 
place, the thawing of the ice absorlDS a like quantity of heat. Thus, 
in the one case, supplying heat to the atmosphere when the temper- 
ature falls, and in the other, absorbing heat from it, when the tem- 
perature rises. Hence we see why the variations in climate are less 
on the sea-coast and on islands, than in the interior of large continents. 

The temperature of the air under the line does not vary much more 
than 4°, and that of the water varies not more than 1°. 

1446. Heat absorbed and developed in the liquefaction and solid- 
ification of other bodies. — The thermal phenomena explained above 
with reference to water belong to a general class, and are common, 
with certain modifications, to all solids which are transformed into 
liauids by the addition, and to all liquids which are transformed into 
solids by the abstraction of heat. Thus, if a mass of tin have its 
temperature raised by the addition of heat until it attain the temper- 
ature of 442°, it will then become stationary, notwithstanding it 
receive further increments of heat; but the moment it becomes 
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stationary its fusion will begin, and it will continue steadily at the 
temperature of 442° until it be completed ; but the moment the last 
particle of tin has been melted, its temperature will begin to rise. 

In the same manner, if lead be submitted to an increase of tem- 
perature, it will begin to liqnefy when it reaches the temperature of 
594°, and notwithstanding the additional quantities of heat imparted 
to it, its temperature will not rise above 594°, until its fusion is 
completed. In a word, all metals whatever, and in general all solids 
which by elevation of temperature are fused, undergo, during the 
process of fusion, no elevation of temperature ; the heat imparted to 
them during this process becoming latent in them, since it does not 
affect the thermometer. 

1447. Latent heat of fusion, — This heat is called the latent heat 
of fusion, and its quantity for each body is determined by means 
similar to those already explained for water. 

1448. Points of fusion, — Different solids are fused at different 
temperatures, but the same solid is always fused at the same temper- 
ature, which temperature is called its point of fusion. This point 
of fusion constitutes, therefore, a specific character of the solid. The 
quantity of heat rendered latent during the fusion of different metals 
is different, but always the same for the same metal. This quantity 
is estimated or expressed by the number of degrees which it would 
raise the same weight of the same body, supposing it not to undergo 
the change from the solid to the liquid state. In the same manner, 
all liquids which, by the loss of heat, are converted into solids, have 
a certain point, the same for each liquid, but different for different 
liquids, at which they pass into the solid form. This point is called 
their point of solidification, or their freezing point. It is customary 
to apply the latter term only to such bodies as at common tempera- 
tures are found in the liquid state. 

The point at which a body in the liquid state solidifies, is the same 
as that at which the same body in the solid state is liquefied ; the 
points, therefore, of solidification or congelation are the same as the 
points of fusion or liquefaction for the same bodies. Thus the point 
of fusion for ice is the same as the freezing point for water. 

Two conditions are therefore necessary to the fusion of a solid body : 
first, its temperature must be reduced to the point of fusion ; and, 
secondly, it must receive a certain quantity of heat, called its heat of 
fusion, which will become latent in it when the fusion has been 
completed. 

In like manner two conditions are necessary to the congelation or 
solidification of a liquid; first, it must be reduced to its freezing 
point ; and secondly, it must be deprived of a certain quantity of 
heat, which exists latent in it, and maintains it in the liquid state. 

In the following table are given the points of fusion of the several 
bodies named in the first column. 

II. 8 



86 



HBAT. 



Table shoimng the Point of Fusion of various Substances in 
Degrees of Fahrenheit's Thermometer, 



NaiBM of Substances. 



1 



Flatina 

English wrought iron 

French do. 

Steel (least fusible) 

« (most fusible) 

Ga^tiron, manganesed 

" grey* fusible 

« « yery fusible... 

« white, fusible 

tt it yery fusible. 

Gold, very pure 

" money 

Copper 

Brass 

Silver, very pure 

Bronze 

Antimony 



Zinc. 



Lead. 






BiBmuth. 



Tin. 



Alloy 5 atoms tin, 1 atom lead 

« -^ 4 rt « 

u 3 tt it 

it 2 " " 

(( 1 « *< 

a 1 tt 8 atoms lead 

Alloy 3 atoms tin, 1 atom bismuth 

« 2 " ** 

ti 1 it ti 

tt 4 ft 1 atom lead, 5 atoms bis- 
muth 



{ 



Sulphur. 

Iodine ......^....... 

Alloy 2 parts lead, 3 parts tin, 5 parts bis- 
muth • 

« 5 « 3 " 8 

a I it 1 « 4 

Sodium 



tt 



Potassium 



Phosphorus 

Stearic acid . 
Wax, bleached. 



" unbleached. 



Margario acid. 



Fabr. 



Stearine 



3082° 

2912 

2732 

2552 

2372 

2282 

2192 

2012 

2012 

1922 

2282 

2156 

1922 

1859 

1882 

1652 
810 
700 
705 
680 
608 
590 
592 
509 
505 
477 
480 
512 
446 
442 
433 
381 
372 
367 
385 
466 
552 
392 
333-^ 
286-1 

246 
237 
226 
225 

212 
212 
201 
194 
162 
136 
109 
100 
158 
154 
142 
131 

to 
140 
120 

to 
109 



Anthorities. 



Clarke. 

Pouillet and Yauqnelin. 



• PottiUot 



Daniell. 

Pouillet 

Mumiy« 

Guyton Morveau. 

Pouillet. 

Pouillet. 

Irvine. 

Guyton Morveau. 

Ermann. 

Pouillet. 

Irvine. 

Crichton. 

Guyton Morveau. 

Pouillet. 

Crichton. 

Ermann. 



Pouillet 



Dumas. 



> Pouillet 



} 



Gay Lussac and Th6nard, Pouillet. 
Gay Lussac and ThSnard. 

Pouillet 

Murray. 



Pouillet 
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Names of Substances. 



Spermaceti 

Aootic add 

Tallow 

loe 

Oil of turpentine 
Mercury 



Deff. 

of 

Fahr. 



120° 
113 

92 

32 

14 
—38-2 



Authorities. 



PouUlet 



1449. Latent heat of fusion of certain bodies, — The latent heat 
of fusion has not been so extensively investigated. M. Person has, 
however, determined it for the bodies named in the following table. 
The points of fusion observed by M. Person, for the specimens tried, 
are given. The unit of the numbers expressing the latent heat is, 
in this case, the quantity of heat necessary to raise the same weight 
of water from 32° to 33°. 



Names of Substances. 



Chloride of calcium. 
Phosphate of soda... 

Phosphorus < 

Bees-wax (yellow)... 

lyAroot's alloy , 

Sulphur , 



Points 


Latent Heat 


of 


for Unity 


Fosioa. 


df Weight. 


83-3 


82-42 


07-5 


98-37 


111-6 


8-48 


143-6 


78-32 


204-8 


10-73 


2390 


16-51 



Names of Substances. 



Tin 

Bismuth 

Nitrate of soda.... 

Lead 

Nitrate of potash. 
Zinc 



Pointe 

of 
Fusion. 



455-0 
5180 
590-9 
629-6 
642-2 
793-4 



Latent Heat 

for Unity 

of Weiffht. 



25-74 
22-32 
113-36 
9-27 
8312 
49-43 



1450. Facility of liquefaction proportional to the quantity of 
latent heat. — The different quantities of latent heat peculiar to the 
different bodies, explain the different degrees of facility with which 
they are liquefied. Ice liquefies very slowly, because its latent heat 
is considerable. Phosphorus and lead, on the other hand, whose 
latent heat is small, melt very rapidly. Ice cannot be liquefied until 
it has received as much heat as would raise its own weight of water 
142^*65 ; while lead and phosphorus are liquefied by as much heat as 
would raise their own weight of water 9°. Hence it will be under- 
stood why it is that glaciers and vast depths of snow continue on 
mountain ridges, such as the Alps, in spite of the heat imparted to 
them during the hottest summers \ such heat, however considerable, 
being only sufficient to liquefy a portion of their superficial strata, 
which descends the declivities, and feeds the streams ajid rivers of 
which they are the sources. 

1451. Other bodies besides water may continue liquid below the 
point of solidification, — The circumstance of water continuing in 
the liquid state below its freezing point, when kept free from agita- 
tion, is not peculiar to that liquid. Tin fused in a crucible was cooled 
by Mr. Crichton 4° below its melting point, and yet remained liquid, 
and similar phenomena have been observed with other metals. In 
all such cases, the moment solidification commences, the liquid, as in 
the case of water, suddenly rises to its point of fusion; and the same 
causes in all cases &vour solidification. 
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1452. Refractory bodies. — Bodies which are difficult of fusion 
are called refractory bodies. Among these, one of the most remark- 
able is carbon or charcoal, one form of which is the precious stone 
called the diamond. No degree of heat, as yet attained, has reduced 
this substance to the liquid state; indeed, diamond being crystallized 
charcoal, it is probable that if the fusion of charcoal could be effected, 
diamonds could be fabricated. Among the most refractory bodies 
are the earths, such as lime, alumina, baryta^ strontia, &c. Of the 
metals, the most refractory are iron and platinum, but both of these 
are fused by the oxyhydrogen blowpipe, as well as by the galvanic 
current. 

1453. Alloys liquefy more easily than their constituents. — It is 
found that alloys composed of the mixture of two or more metals, in 
certain proportions, frequently liquefy at a much lower temperature 
than either of their constituents. Thus a solder composed of 4 
parts of lead and 6 of tin fuses at 336°. An alloy composed of 8 
parts of bismuth, 5 of lead, and 3 of tin, liquefies at a temperature 
below that of boiling water ; and an alloy composed of 496 bismuth, 
310 lead, 177 tin, and 26 mercury, fuses at 162° -5. If a thin strip 
of this alloy be dipped into water that is nearly boiling hot, it will 
melt like wax. 

1454. Some bodies in fusing pass through different degrees of 
fluidity. — Some bodies, like water, pass from the complete solid to 
the complete liquid state without passing through any intermediate 
degrees of aggregation ; while others, like wax, tallow, and butter, 
become soft at temperatures considerably below those at which they 
are liquefied ; and there are others, like glass and some of the metals^ 
which never, at any temperature, attain absolute fluidity. 

1465. Singular effects manifested by sulphur, — Sulphur also 
presents some curious exceptional circumstances in its state of aggre- 
gation at different temperatures. If heat be gradually and slowly 
imparted to it, it will be fused, and become very fluid at 302°. If 
the supply of heat be continued, it will change its colour and become 
red and viscous and considerably less fluid. At length, heat being 
further supplied, and its temperature being raised from 430° to 480°, 
it will become altogether red, opaque, and acquire the consistency of 
a thick paste. 

1456. Points of congeldtion lowered by the solution of foreign 
matter. — The freezing points of liquids are generally lowered when 
solids are dissolved in them. Thus, when salt is dissolved in water, 
the freezing point of the solution is always below 32°, and its dis- 
tance below it depends on the quality and quantity of salt in solution. 

1457. Points of congelation of acid solutions. — The strong acids 
generally freeze at much lower temperatures than water ; and if they 
be mixed with water, the freezing point of the mixture will hold an 
intermediate position between those of water and the pure acid. The 
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freezing points of the acids themselves varj with their strength, but 
not according to any known or regular law. 

1458. Sudden change of volume accompanies congelation, — 
When a liquid passes into the solid state by the absorption of 
heat, a sudden and considerable change of dimensions is frequently 
observed. This change is sometimes an increase and sometimes a 
diminution, and in some cases no change takes place at all. When 
mercury is cooled to its freezing point, which is — 39°, it under- 
goes an instantaneous and considerable diminution of bulk as it 
passes into the solid state. An effect exactly the reverse takes place 
with water. When this liquid cools down to 32°, it passes into the 
solid state, and in doing so undergoes a considerable and irresistible 
expansion. So great is this expansion, and so powerful is the force 
with which it takes place, that large rocks are frequently burst when 
water collected in their crevices freezes. It is a common occurrepce 
that glass bottles containing water, left in dressing-rooms in cold 
weather, in the absence of fire are broken when the water contained 
in them freezes, the expansion in freezing not being yielded to by any 
corresponding dilatation in the glass. An experiment was made at 
Florence on a brass globe of considerable strength, which was filled 
with water, and closed by a screw. The water was frozen within 
the globe, by exposure to a cold below 32°, and in the process of 
freezing the water burst the globe. It was calculated that the force 
necessary to produce this efiect amounted to about 28,000 lbs. 

1459. This expansion in the case of water not identical with that 
which takes place below the point of greatest density. — This sudden 
expansion of water in freezing is a phenomenon distinct from the 
expansion already noticed, which takes place as the temperature is 
lowered from 38° -8 to 32°. The latter expansion is gradual and 
regular, and accompanied by a gradual and regular decrease of tem- 
perature ; but, on the other hand, the expansion which takes place 
when water passes from the state of liquid to the state of ice is sud- 
den and even instantaneous, and is accompanied by no change of 
temperature, the solid ice having the temperature of 32°, and the 
liquid of which it is formed having had the same temperature just 
before congelation. 

1460. TJie quantity of eapansion produced in congelation is the 
same for the same liquid, at whatever temperature congelation takes 
place. — When water is cooled below 32° without freezing, the ex- 
pansion which took place from 38°*8 to 32° is continued, and the 
liquid continues to dilate below 32° : when it is afterwards solidified 
by agitation, or by throwing in a crystal of ice, a sudden and consi- 
derable expansion takes place as.already described, but this expansion 
is always less than would take place if it solidified at 32°, by the 
quantity of expansion which it suffered in, cooling from 32° to the 
temperature at which it was solidified. It is observed; that the ex- 
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pansion which watea: suffers in being solidified at 32° amounts to 
about one-seventh of its bulk. If it be solidified at a lower temper- 
ature, it will suffer a less expansion than this ; but the expansion 
which it suffers in solidification under these circumstances, added to 
the expansion which it suffers in cooling from 32° downwards previous 
to solidification, will always produce a total amount equal to the 
expansion which it would suffer in solidifying at 32°. Hence the 
total expansion which" water undergoes, from the temperature of 
greatest density (38° -8) until it becomes solid, is always the same, 
whatever be the temperature at which it passes from the liquid to 
the solid state. The same observations will be likewise applicable to 
other liquids similarly solidified. 

1461. Phoapkorus and oils in general contract in congealing. — 
If a quantity of liquid phosphorus, at the temperature of 200°, be 
gradually cooled, it will be observed to suffer a regular contraction 
in its dimensions, according to the general laws observed in the cool- 
ing of bodies. When it is cooled to the temperature of about 100°, 
it passes into the solid state, and in doing so undergoes a sudden and 
considerable contraction. Oils generally undergo this sudden con- 
traction in the process of freezing. 

1462. Some bodies expand, and some contract, in congelation. — 
It may be assumed as generally true, that bodies which crystallize 
in freezing undergo a sudden expansion, and that bodies that do not 
crystallize in freezing, for the most part suffer a sudden contraction. 
Sulphuric acid, however, is an example of a liquid which passes from 
the liquid to the solid statO) and vice versa, without any discoverable 
expansion or contraction. Most of the metals contract in passing 
from the liquid to the solid state, the exceptions being cast iron, bis- 
muth, and antimony, all of which undergo expansion in solidifying. 

1463. Why coin is stamped, and not cast. — It is evident that a 
metal which contracts in solidifying cannot be made to take the exact 
shape of the mould. It is for this reason that money composed of 
silver, gold, or copper cannot be cast, but must be stamped. Cast 
iron, on the contrary, as it dilates in solidifying, takes the impression 
of a mould with great precision, as do also certain alloys used in the 
arts. 

1464. Contraction of mercury in cooling. — The most striking 
instance of sudden contraction in cooling is exhibited in the case of 
mercury. This was fii-st observed in the case of a thermometer, 
which when exposed to a temperature about 40° below zero, was 
observed to fall suddenly through a considerable range of the scale, 
and in some cases the mercury was precipitated into the bulb. It 
was observed that the thermometer being exposed to a temperature 
lower than — 40°, the mercury gradually falls until it arrives at 
about — 38°, and that then a great and sudden contraction takes 
place at the moment the metal is solidified. 
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This contractioBi however, must not be understood as indicating 
uny re»l fall of temperature, as is the case with all the previous and 
regular contractions which take place before the solidification of the 
metal. 

14d5. Substances which so/tcTk he/ore fusion. — »Substances which 
soften before they melt, and which pass by degrees from the solid to 
the liquid state, are mostly of organic origin, and their point of 
fusion is below the temperature of boiling water. Some of these, 
which are of most general utility in the arts, are the following : 

Colophany begins to melt at 275° 
Brown wax " " 110 

White wax " " 124 

Tallow « " 104 

Pitch " « 91 

1466. Weldable metals. — The metals capable of being welded 
soften before they are fused j and the heat at which they soften is 
called a welding heat. The metals which most readily admit of 
being welded, are platinum and iron. At an incipient white heat 
(2872°) they become soft ; and, in this state, pieces of the metal 
may be intimately united when submitted to severe pressure, or 
when passed under the hammer. 

1467. Freezing mixtures. — It may be taken as a physical law of 
high generality, that a solid cannot pass into the liquid state without 
absorbing and rendering latent a certain quantity of heat. This heat 
may be, and often is supplied from some other body in contact with 
that which is liquefied. But if no such external supply of heat be 
present, and if, nevertheless, any physical agency cause the liquefac- 
tion to take place, the body thus liquefied will actually absorb its 
own sensible heat. While it is liquefied, it will therefore fall in 
temperature to that extent which is necessary to supply its latent 
heat of fluidity at the expense of its sensible heat. 

To render this more clear, let us imagine a pound of ice at the 
temperature of 32° to be mixed with a pound of liquid having the 
temperature of — 110°, and let this liquid be supposed to have the 
property of dissolving the ice. When the liquefaction is completed, 
the temperature of the mixture will be — 110°. Now the liquid, 
which is here supposed to be the solvent, neither imparts heat to the 
ice nor abstracts heat from it. The ice therefore, now liquefied, con- 
tains exactly as much heat as it contained before liquefaction, and no 
more. But, to become liquid, it was necessary that 142° -65 of heat 
should be absorbed by it, and become latent in it. This 142°-65 has 
therefore been transferred from the sensible to the latent state in the 
ice itself. 

This principle has been applied extensively in scientific researches 
and in the arts for the production of artificial cold, the compounds 
thus made being called freezing mixtures. 
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In all freezing mixtures, two or more substances are combined, one 
or more of which are solid, and which have chemical properties in 
virtue of which, when intimately mixed together, they enter into 
combination, and, in combining, liquefy. The operation is so con- 
ducted, that no heat is supplied either by the vessel in whi<^ the 
liquefaction takes place, or from any other external source. Such 
being the case, it follows that the heat absorbed in the liquefaction 
must be supplied by the substances themselves which compose the 
mixture, and which must therefore suffer a depression of temperar 
ture proportional to the quantity of heat thus rendered latent. 

The cold produced will be increased by reducing the temperature 
of the substances composing the mixture before mixing them. Thus, 
let A and B be the substances mixed. Before being -combined, let 
them be reduced to 32^ by immersing them in snow. Let them then 
be mixed, and let the latent heat of fusion be 32°. The mixture will 
fall to zero, since the 32° of sensible heat will be absorbed. But if, 
at the moment of mixing them, their temperature had been 64°, thgd 
the temperature of the mixture would become 32°. 

The substances which may be used to produce freezing mixtures 
on this principle are very various. 

If equal weights of snow and common salt at 32° be mixed, they 
will liquefy, and the temperature will fall to — 9°. 

If 2 lbs. of muriate of lime and 1 lb. of snow be separately re- 
duced to — 9° in this liquid and then mixed, they will liquefy, and 
the temperature will fall to — 74°. 

If 4 lbs. of snow and 5 lbs. of sulphuric acid be reduced to — 74° 
in this last mixture, and then mixed, they will liquefy, and the tem- 
perature will fall to — 90°. 

If a pound of snow be dissolved in about two quarts of alcohol at 
32°, the mixture will fall nearly to — 13°. If the same quantities 
of snow and alcohol, being reduced in this mixture to — 13°, be then 
mixed, the temperature of the mixture will be reduced to — 58°; 
and the same process being repeated with like quantities in this 
second mixture, a further reduction of temperature to — 98° may 
be produced ; and so on. 

1468. Apparatus for producing artificial cold. — Freezing mix- 
' tures are used for the artificial production of ice in hot climates. 
The most simple apparatus for this purpose is represented in fig, 440., 
and is composed of a tin bucket A B c D, having a slightly conical form, 
in the bottom of which is a circular hole, a little less in diameter 
than the bottom. In this hole is soldered the mouth of another tin 
bucket, GEPH, also conical, but with its smaller end upwards. A 
space w is thus left between the two tin buckets, in which the water 
or other substance to be cooled is placed. 

The freezing mixture is placed in another vessel, i K L M, fi^, 441., 
similar in form to the bucket a B c D. This vessel i K L M ought to 
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be made of some non-condacting material. Common glazed earthei^ 
ware would answer the purpose. When the freezing mixture ia 
placed in it, the vessel a b c d is immersed in it, as represented in 
ji^. 441. ; HO that the cold liqoid is not only in contact with the ex- 
ternal surface of the tin backet a b c d, but also with the inner 
surface of G E F H. The water w, or whatever other anbstance it is 
ie4}uired to oool, is therefore quickly reduced in temperature. 



B S V,C H 

Fig. MO. Fig. 441. 

If it be not convenient to provide a vessel such as i e l m in 
earthenware, a tin vessel thickly coated with woollen cloth, may be 

1469. Table of freezing mixtures. — There are a great varied of 
bodies which, by combination, serve for freezing mixtures. The fol- 
lowing table has been collected from the results of the researches 
of Walker and Lowitz. The substances are indicated by letters as 
follows : — 






The figures prefixed indicate the proportion by weight in which 
the ingredients are mixed. Thus 6ss-i-4MA-|-2NP-f4dNA signifies 
a mixtare of 6 oz. of sulphate of soda, 4 oz. of muriate of ammonia, 
2 oz. of nitrate of potash, and 4 oz. of dilute nitric acid. 
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1470. Extraordinary degrees of artificial cold prodtuxd hy jTAi- 
lorier and Mitchell, — Thilorier produced a powerful freezing mixture, 
by solidifying carbonic acid, and mixing it with sulphuric acid or 
sulphuric ether. A temperature 120° below zero, and therefore 152° 
below the freezing point, was thus produced. 

Mitchell, repeating the experiment, produced a still more intense 
cold. He exposed alcohol of the specific gravity of 0*798 success- 
ively to the temperatures of — 130° and — 146°. He states that 
at the former temperature it had the consistency of oil, and at the 
latter resembled melting wax. 

1471. Alcohol probably congeals at about 150°. — If these expe- 
riments can be relied on, it may be inferred that the freezing point of 
alcohol, so long and hitherto so vainly sought, is probably about 
— 150°, or 182° below the freezing point of water and 110° below 
that of mercury. 

1472. Precautions necessary in experiments with freezing mia>- 
tures, — To insure success in experiments on extreme cold produced 
by freezing mixtures, the salts used must not have lost their water 
of crystallization, because in that case they quickly absorb water, and 
converting it into ice liberate caloric and obstruct the cooling. The 
salts and ice used should be pulverized so as to dissolve quickly. 
When extreme cold is required, the vessel containing the freezing 
mixture should be immersed in another vessel, containing also a 
freezing mixture, so as to retard the mixture under experiment from 
receiving heat from the vessel which contains it, and a sufficient 
quantity of the ingredients forming the freezing mixture should be 
used. 

1473. Greatest natural cold yet observed, — The greatest natural 
cold of which any record has been kept, was that observed by Pro- 
fessor Hansteen between Krasnojarsk and Nishme-Udmiks in 55° N. 
lat., which he states amounted to — 55° ^eaum. ?) = — 91° -75 F. 

At Jakutsk, the mean temperature of December is — 44^° F, In 
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1828; from eTaniiary 1 to January 10, the mean temperature of thttt 
plac^ was — 58°. 

In the expedition to China, in December 1839, the Bussian army 
experienced for several successive days a temperature of — 41° -8 F. 

1474. Principle of flvjoces, — Examples of their application, ^- 
The same principle which explains the affect of fireezing mixtures, is 
also applicable to the phenomena attending fluxes in metallurgy. 
Fluxes are certain bodies which, when mixed with others, cause 
them to fuse at lower temperatures than their proper point of fusion. 
It is by this means that certain metals and metallic ores are fused, 
when exposed to the operation of blast furnaces. In a certain sense, 
salt may be said to be a flux for ice ; but this term flux is usually 
limited in its application to bodies which are only fused at very 
elevated temperatures ) ior example, in enamelling, and in the man- 
ufacture of glass and of the paste by which precious stones are imi- 
tated, silicious sand is employed in greater or less proportion, about 
one-third for enamel, and nearly three-fourths for plate glass. Now 
silica is not fused at any heat attainable by common furnaces. M. 
Graudin lately succeeded in its fusion, by means of the oxy-hydrogen 
blowpipe, and drew it into threads as flne as the filaments of silk. 
"When combined, however, with proper fluxes, it fuses readily in the 
furnace. The fluxes used vary according to the purposes for which 
the silica is applied, but they consist generally of soda, potash, and 
lime, with the addition of lead for flint glass, and stannic acid for 
enamel. The compound which results from the mixture of these 
ingredients, by their exposure to intense heat, is reduced to a sort 
of pasty fusion, but can never be said to undergo positive liquefaction. 
Nevertheless, the beautiful transparency of Bohemian glass, plate 
glass, flint glass, and the factitious diamonds, show that the consti- 
tuents must be combined in a very intimate manner. 

Fine earthenware and porcelain are also fabricated by means of 
fluxes ; for although fusion is not actually produced, nor is there the 
same intimate combination of the constituents as takes place in vitri- 
faction, still there is a partial combination, and an incipient fusion. 
The fluxes in this case consist also of soda, potash, lime, and some- 
times magnesia, the soda and potash however being used in their 
combined form of feldspar. 

1475. Infusible bodies. — Infusible bodies maybe resolved into 
two classes, those which are refractory, and which alone can be 
properly said to be fusible, and those whose fusion is prevented by 
their previous chemical decomposition or composition. Before the 
invention of the oxy-hydrogen blowpipe, and other scientific expe- 
dients for the production of intense heat, the number of refractory 
substances was much more considerable than it is at present. Scarcely 
any body can be said to be absolutely infusible except charcoal, which 
under all its forms of pure carbcm, anthracite, graphite, and diamond, 
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hm resisted fasion at the highest temperature which has yet been 
produced. 

The term refractory, however, is still applied to those classes of 
substances which resist fusion by ordinary furnaces. 

When certain compound bodies are exposed to an intense heat; 
they are resolved into their constituents before they attain the point 
of fusion ; and in other cases simple bodies enter into chemical com- 
bination with others which surround them, or are in contact with 
them before the fusion takes place. 

The fusion, however, may in some cases of both of these classes 
of bodies be effected by confining them in some envelope which will 
resist the separation of their constituents if they be compound, or 
exclude them from the contact with bodies with which they might 
combine if they be simple. 

1476. Marble may he fu%ed. — If marble be exposed under ordi- 
nary circumstances to an intense heat, it will be resolved into its 
constituents, lime and carbonic acid ; but if it be confined in a strong 
gun-barrel, ifbr example, it may be fused. 

1477. Organic bodies are decomposed be/ore fusion. — Almost 
all organic solids, except the resins and the fats, are infusible before 
they are decomposed; we cannot melt a piece of wood, a leaf, a 
flower, or a fruit ; but after having evaporated their liquid consti- 
tuents, and dried them, the influence of heat causes their constituents 
to enter into combination, and produces new substances, which are 
generally volatile, and which have nothing in common with the 
original substances. 

1478. Water separated from matter held in solution by congekt- 
tion. — When water holding any body in solution has its temperature 
sufficiently lowered, its congelation takes place in one or other of 
three ways : first, the water may congeal independently of the body 
which it holds in solution; secondly, the body which it holds in 
solution may congeal, leaving the water still liquid; thirdly, the 
water and the body it holds in solution may congeal together. 

The congelation of the water independent of the substance it holds 
in solution is presented in the case of the very weak solutions. In 
this case, the point of congelation is always below the freezing point. 
Thus, if water hold in solution a small quantity of alcohol, acid, 
alkali, or salt, it will be necessary to reduce the whole to the freezing 
point to produce its congelation ; but when ice has been formed upon 
it, this ice will consist of pure water, without the mixture of any 
proportion of the substances which the water held in solution. Thus, 
sea-water freezes at 27^°, being 4^° below the freezing point of pure 
water ; and if the ice produced upon it be withdrawn and melted, it 
will produce pure water. In the same manner, if weak wine be 
frozen, the ice formed upon it will be the ice of pure water, and the 
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wine which still remains liquid will be proportionally stronger. This 
method is sometimes practised to give increased strength to wine. 

1479. Saturated soluHoTis partially decomposed hy cabling. ^ 
Water is generally capable of holding in solution only a certain 
quantity of any solid substance, and when all the substance has been 
dissolved in it which it is capable of taking, the solution is called a 
saturated solution. Now, it is found that the quantity of solid matter 
of any kind which water is capable of holding in solution, increases 
with the temperature. Thus, water at 212° will hold more of any 
given salt in solution, than would water at 50°. Let us suppose, 
then, that a saturated solutipn of any salt is made at 200°. If this 
solution be allowed to cool, a part of the salt which it contains must 
return to the solid state, since at lower temperatures it cannot hold 
in solution the same quantity ; and in proportion as the temperature 
of the solution falls, the quantity of solid matter which will be 
formed in it will increase. In this case, the cooling accomplishes a 
partial decomposition of the solution. If the cooling be accom- 
plished suddenly, the salt is precipitated tumultuously and in a con- 
fused mass, without form or cohesion ) but if the solution is allowed 
to cool slowly and without agitation, the molecules of the salt collect 
into regular crystals. 

Even after the temperature of the solution has ceased to fall, the 
decomposition and crystallization will continue, if the vessel contain- 
ing the solution be in a position favourable to superficial evaporation. 
The water which evaporates from the surface taking with it none of 
the salt, all that portion of salt with which it was combined will 
receive the solid form, and will collect into crystals ; and this process 
may be continued until, by superficial evaporation, all the water shall 
have disappeared, and nothing be left in the vessel except a col- 
lection of crystals of salt. 

1480. Anomahiis case of anhydrous sulphate of soda. — The 
solution of anhydrous sulphate of soda presents some remarkable 
exceptional phenomena. At the temperature of 91°*4 it has a 
maximum of saturation, that is to say, above this point the propor- 
tion of salt which it contains diminishes instead of increasing as the 
temperature is. raised. However, at the boiling point, it contains 
much more salt than at the common temperature. If the solution 
be boiled in a large tube, and when it is well purged of air the tube 
be closed at the top, so as to exclude the atmosphere, the cooling 
will take place without any solidification ; but when the top of the 
tube is broken so as to admit the air, the salt is suddenly congealed 
in a mass, with so great a disengagement of heat, that the tube be- 
comes warm to the touch. 

1481. Case in which the matter held in solution congeals with the 
water. — In some cases the water and the salt which it holds in solu- 
tion are solidified together. This happens when the salts contain 

n. 9 
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their water of crystallization. The phenomena are produced in the 
same manner as in the case just descrihed, with this difiference, that 
the molegiles of salt in collecting carry with them the molecules of 
the water of crystallization, which pass also to the solid state, taking 
the place which belongs to that in the crystals. Nevertheless, the 
solidification of the water disengaging in general much more latent 
heat than the solidification of the salt, the crystals undergo a less 
rapid increase, whether formed by mere cooling, or by evaporation of 
a part of the dissolving mass. 

1482. Lhitch tears. — When bodies liquefied by heat 
are suddenly cooled, some remarkable and exceptional 
phenomena are often produced. Jbus, if large drops 
of glass in a state of fusion be let fall into a vessel of 
cold water, the solidification of their superficial parts is 
immediate; that of their interior is much more slow. 
There results from this a sort of forced and unnatural 
arrangement of the molecules of the drop, which explain 
the singular phenomenon produced by Dutch Tears, so 
called from the form they assume, as represented in Jig, 
442. K the extremity of the tail of one of these be 
broken, in an instant the entire mass cracks, and is 
rig. 442. re(jQ(jg^ tQ powder. This arises from the fact that, the 
glass not being cooled slowly and gradually, the molecules in solidi- 
fying have not had time to assume their natural position, and, being 
in a forced position, on the least disturbance separate. 

1483. Use of annealing in glass manufacture and pottery. — To 
prevent this, articles manufactured of glass are submitted to the 
process called annealing after their fabrication, — a process in which, 
being again raised to a certain temperature, they are allowed to 
cool very slowly. Pottery in general is submitted to the same 
process. 

1484. Tempering steel. — The temper of steel is a quality analo- 
gous to this. Being heated almost to the point of fusion, and being 
plunged in water, it becomes as brittle as glass. In this state, it is 
said to have the highest temper. K it is tempered only at a cherry 
red, it is less hard and less brittle. This is what is called the ordi- 
nary temper. In short, it may be annealed in an infinite variety 
of degrees over a fire of small charcoal, according to the temper 
which it is desired to impart to it. The oxidation which it suffers 
at the surface indicates by the colour which it gives to it the degree 
of annealing which it has received: thus it sometimes acquires a 
blue colour and sometimes a straw colour, the latter colour indicating 
a harder and less elastic quality. 
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CHAP. VIII 

VAPORIZATION AND CONDENSATION. 

1485. Evaporation of liquids in free air, — ^If a liquid be exposed 
in an open vessel, it will be gradually converted into vapooT; which 
mixing with the atmosphere will be dissipated, and after a certain 
time the liquid will disappear. This phenomenon, called evaporation, 
was formerly explained by the supposition that the air had a certain 
affinity for the liquid in virtue of which the air dissolved it, just as 
water dissolves sugar or salt. 

^ A conclusive proof of the falsehood of this hypothesis was pre- 
sented by the fact, that the vaporization of the liquid takes place in 
a vacuum, and that the presence of air not only does not cause more 
of the liquid to be evaporated than would have been evaporated in 
its absence, but actually retards and obstructs the evaporation. 

1486. Apparatus for observing the properties of va- 
^^ pour, — To be enabled to examine and observe with. 
C J clearness and precision the mechanical properties of the 
V y vapour of any liquid, it is necessary to provide means by 
, which such vapour can be separated from all other gases 
and vapours, since, being mixed with these, its properties 
'^ would be modified, so that it would be difficult to deter- 
la mine what effiscts are due to the vapour, and what to the 
gases with which it is combined. 

This object has been attained by apparatus, the prin- 

V ciple of which we shall now explain. 

3o Let A B, fig. 443., be a glass bulb and tube, the bore 

of the tube being very small compared with the capsr 

city of the bulb. Let the tube be widened into a sort 

^ of bell-shaped mouth at the end b, and let a gradu- 

M ated scale be engraved upon it, the zero being near the 

bulb. 

A Let the tube, held with the open end b upwards, be 

filled with pure mercury well purged of air, as described 
B in (714) et seq. Placing the finger on B to prevent the 
Fiff 443 ®^^P^ 0^ ^^ mercury or the entrance of air, let the tube 
be inverted, and the end B immersed in a trough of mer- 
cury, as represented in fig, ^4t4t. K it be immersed to such a depth 
that the height of the top of the bulb A above the level L l' of the 
mercury in the trough is less than the height of the barometric 
column, the mercury will not fall from the bulb, being sustained 
there by the atmospheric pressure. 
But if the bulb be raised to a greater height a' above L l', the 
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A.' colrnna of mercary will not riso nith it, 

but will stand at the height of the baro- 
metric column. 

Let the bttlb be raised to Buch a 
height a', that the zero of the scale en- 
graved oQ the tube shall be at a height 
above L l' equal to the barometric col- 
uma. la that cose the level of the col- 
umn of mercury in the tube will coincide 
with the zero of the scale, and the space 
in the bulb and tube above this level 
will be a vacuum. Let this space be 
, s A', and let 8 U represent the column 
* ** of mercury which corresponds in height 

with the barometer. 

Let a D, Jig. 445., be a small iron 
cylinder containing mercury, above which 
is a piston by which it can be pressed 
downwards. This piston is urged by a 
screw, so as to be capable of being 
moved vrith accuracy through any pro- 
posed space, however small. Attached 
to the bottom of the cylinder o d is a 
very fine tube D p, bent into a reetan- 
Fig, Hi, gular form so as to present its mouth 

upwards. This capillary tube is filled with the Liquid, the vapour 
of which it is desired to submit to observation. By means of the 
screw acting on the piston, any proposed qnan- 
tity of this liquid can be expelled from the 
mouth P of the tube. 

This iDBtrument being immersed in the trough 
L l'. Jig. 444., and the mouth of the tube P 
being directed into the bcU-shapod end of the 
tube b', a certain small quantity of the liquid 
IB expelled by means of the screw, and issues 
from P. Jt rises by its relative levity through 
the mercury, and arrives at the top b of the col- 
Pig. «5. umn. There it instantly duappeart, and at the 
I same time the mercury falls to a lower level. 

1487. Vapour of a li^id an elastic, Irangiarent, and invitihle 
Jhiid like avr. — The cause of this will be easily understood. The 
minut« drop of liquid which rises to the surface is converted into 
vapour on arriving there, and is diffused in that state throughout 
the entire capacity of the tube and bulb. It is transparent and 
invisible like air; and therefore, notwithstanding ita pressure, the 
bulb and tube appear to be empty, as they would if they were filled 
with air. 
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1488. Mow its pressure is indicated and mccwwrec?.-— But this 
Tapoor being, like air, an elastic fluid, exercises a certain pressure 
upon the mercurial column s M, which pressure is manifested and 
measured by the fall of that column. The summit; which before 
stood at the zero of the scale, now stands at a lower point, and the 
number of the scale indicating its position, expresses the pressure 
of the vapour in inches of mercury. Thus, if the summit s of the 
column stand at half an inch below zero, the pressure of the vapour 
in the bulb is such as would support a column of mercury half an 
inch in height. 

Now let us suppose another small drop of the liquid to be injected 
by the apparatus fig. ^4A. Like effects will ensue, and the summit 
s of the column will fall still lower, showing that the pressure of the 
vapour is augmented. 

1489. When a space is saturated with vapour* — By repeating 
this process, it will be found, that when a certain quantity of the 
liquid has been injected, no more vapour will be prcduoed^ and the 
liquid will float on the summit s of the mercuriid column without 
being vaporized. The summit of the column will not be further 
depressed. 

It appears, therefore, that the space in the bulb and tube is then 
saturated with vapour. It has received all that it is capable of con- 
taining. That this is the case will be rendered manifest by elevating 
the tube. The summit s of the column still maintaining its height 
above l if, a greater space will be obtained above s, and it will be 
accordingly found, that a portion of the liquid which previously 
floated on s will be vaporized, and if the tube be still more elevated^ 
the whole will disappear. 

Since during this process the height s M of the mercurial column 
in the tube remains unaltered, it follows that the pressure of the 
vapour remains the same. 

By comparing the volume of the liquid ejected from P, fig, 445., 
with the volume of the tube and bulb filled by the vapour into which 
it is converted, the density of the vapour, or, what is the same, the 
column of vapour into which one unit of volume of the liquid is 
converted, may be ascertained. 

There are, however, other circumstances connected with this pro- 
cess, which are not rendered apparent, and which it is important to 
observe and comprehend. 

When the liquid rises to the surface of the mercurial column and 
expands into vapour, it absorbs a certain quantity of heat which be- 
comes latent in it. This heat must be supplied by the tube, the 
bulb, and the mercury; and as the temperature of these does not 
permanently fall, this heat is replaced, and their temperature restored 
by the surrounding air. The quantity of heat absorbed in the eva- 
poration of the liquid will be presently shown. Meanwhile it must 

9* 
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be observed^ that the strpplj of the latent heat is essential to the 
evaporation of the liquid. If the mercury on which the liquid floats^ 
and the glass by which it is enclosed, were absolute non-conductorS| 
and could impart no heat whatever to the liquid; then the evapora- 
tion could not take place. 

It appears from what has been explained, that when the space 
above the mercury has been charged with a certain quantity of liquid 
in the state of vapour, or, what is the same, when the vapour it con- 
tains has attained a certain density, all further evaporation ceases ; 
and any jiiquid which may be injected will remain in the liquid state, 
floating on the mercury. So long as the temperature of the sur- 
rounding medium, and consequently that of the bulb and its con- 
tents, remain unaltered, and so long as any liquid remains floating 
on the mercury, the pressure and the density of the vapour in the 
bulb will be unaltered. If the bulb be raised, so as to give more 
space for the vapour, a proportionally increased quantity of the liquid 
will be vaporized ; and if by depressing the tube the volume of the 
vapour be diminished, a corresponding part of it will return to the 
liquid state. In the one case, heat will be absorbed by the liquid 
evaporated ; and in the other, heat will be developed by the vapour 
condensed. This heat is borrowed from the surrounding atmosphere 
in the one case, and imparted to it in the other; since, otherwise, 
the bulb and its contents must undergo a change of temperature, con- 
trary to what was supposed. 

1490. Qiiantity of vapour in saturated space depends on. temper^ 
ature. — ^But let us now consider what will be the effect of raising or 
lowering the temperature of the bulb and its contents. The bulb 
being charged with vapour, and a stratum of unevaporated liquid 
floating on the mercury, let the temperature of the medium surround- 
ing the bulb be raised through any proposed number of degrees of 
the thermometric scale. This will be immediately followed by the 
evaporation of a part of the liquid floating on the mercury, and a 
depression of the column. An increased volume of vapour is there- 
fore now contained in the bulb and tube ; but if this increase of 
volume be compared with the increased quantity of liquid evapo- 
rated, it will be found to be less in proportion ; and it consequently 
follows, that the density of the vapour is augmented ; and since the 
column of mercury has been more depressed, and since this depres- 
sion measures the pressure of the vapour, it follows that this pressure 
has been also augmented. 

1491. Relation between pressure, temperature, and density. — Thus 
it appears that the pressure and density of the vapour produced from 
the liquid floating on the mercury are augmented as the temperature 
of the liquid is augmented, and consequently diminished as that 
temperature is diminished. 

In short; a certain relation subsists between the temperature, 
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pressure; and density, snch that when any one of these are known, 
the other two can always be found. If this general relation were 
known, and could be expressed by au arithmetical formula, the 
pressure and density of the vapour corresponding to any proposed 
temperature, or the temperature corresponding to any proposed 
density or pressure, could always be ascertained by calculation. But 
the theory of heat has not supplied the means of determining this 
relation by any general principles ; and, consequently, the pressures 
and densities of the vapour of liquids at various temperatures have 
been determined only by experiment and observation. 

1492. Pressure^ temperaturej-and density of the vapour of water. 
— Different liquids at the same temperature produce vapours having 
different densities and pressures. But of all liquids, that of which 
the vaporization is of the greatest physical importance, and conse- 
quently that which has been the subject of the most extensive system 
of observations, is water. 

If water be introduced above the mercurial column in the apparatus 
above described, and be exposed successively to various temperatures, 
the pressures and densities of the vapour it produces can be observed 
and ascertained. 

It is thus found that, in all cases, water passing into the vaporous 
state undergoes an enormous enlargement of volume, and that this 
enlargement increases as the temperature at which the evaporation 
takes place is diminished. Thus, if the temperature be 212^, a 
cubic inch of water swells into 1696 cubic inches ; and if the temper- 
ature be 77®, it swells into 23090 cubic inches of vapour. 

1493. Vapour produced from water at all temperatures^ however 
low. — ^There is no temperature, however low, at which water will not 
evaporate. K the bulb and tube be exposed to the temperature of 
32®, the mercurial column in the tube will be lower than the baro- 
metric column by two-tenths of an inch, a small, but still observable 
quantity ; and even if the temperature be reduced still lower, so that 
the liquid floating on the mercury shall become solid ice, there will 
still be a vapour in the bulb, of appreciable pressure and density. 
Thus, a piece of ice at the temperature of — 4® (that is, 36° below 
the freezing point) produces a vapour whose pressure is represented 
by a column of mercury of a twentieth of an inch. 

The relation between the temperature, pressure, and density of the 
vapour of water, from the lowest temperatures and pressures to tem- 
peratures corresponding to a pressure twenty-four times greater than 
that of the atmosphere, has been ascertained by direct observation ; 
and by the comparison of these observations, an empirical formula 
has been found, which expresses the general relation of the tempera- 
ture and pressure with such precision, within the range of the tem- 
peratures and pressures observed, that it may be applied without 
risk of any important error to the computation of the pressures. 
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temperatures, and densities, through a certain range of the scale, 
beyond the limits to which observation and experiment ^ave extended. 
In this way, the temperatures and densities of the vapour, corres- 
ponding to all pressures up to fifty times the pressure of the atmo- 
sphere, have been computed and tabulated. 

1494. Mechaniccd force developed in evaporation. — ^When a liquid 
expands into vapour, it exerts a certain mechanical force, the amount 
of which depends on the pressure of the vapour, and the increased 
volume which the liquid undergoes in evaporation. Thus, if a cubic 
inch of a liquid swells by evaporation into 2000 cubic inches of 
vapour having a pressure of 10 lbs. per square inch, it is easy to 
show that a mechanical force is developed in such evaporation which 
is equivalent to 20,000 lbs. raised through one inch. For, if we 
imagine a cubic inch of the liquid confined in a tube, the bore of 
which measures a square inch, it will, when evaporated, fill 2000 
inches of such tube, and in swelling into that volume will exert a 
pressure of 10 lbs., so that it would in fact raise a weight of 10 lbs. 
through that height. Now 10 lbs. raised through the height of 2000 
inches, is equivalent to 20,000 lbs. raised through the height of one 
inch. 

Since, however, it is customary to express the mechanical effect 
by the number of pounds raised through one foot, the mechanical 
effect produced in the evaporation of each cubic inch of a liquid will 
be found by multiplying the number which expresses the volume of 
vapour produced by the unit of volume of the liquid by the number 
expressing the pressure of the vapour in pounds per square inch, and 
dividing the product by 12. 

In the following tables, the relation between the temperature, 
pressure, density, volume, and mechanical effect of the vapour of 
water are given as determined by observation so &r as the pressure 
of twenty-four atmospheres, and by analogy from that to the pressure 
of fifty atmospheres. 

Table I. 

Showing the Pressure, Volume, and Density of the Vapour of Water 
produced at the Temperatures expressed in the first Column, ojt 
well as the' m,echanical Effect developed in the Process of Uvapo- 
ration. 



Temperature, 
Fahrenheit 


Prenure. 


Volume of 

Vapour contain* 

IDK Unit of 

Volume of 

Water. 


Denitty of Vapour 
(Density of 
Water = 1). 


Mechanical 
Effect in Lbs. 
raised 1 Foot. 


Inches of 
Mercury. 


Pounds per 
Square Inch. 


-4° 
6 

14 
23 
32 
88*8 
85-6 


0-052 
0-074 
0104 
0-144 
0-199 
0-212 
0-226 


0-03 
0-04 
0-05 
007 
0-10 
010 
0-11 


650588 
470898 
842984 
251358 
182323 
174495 
164332 


0-00000154 
212 
292 
398 
540 
573 
609 


1395 
1423 
1451 
1480 
1488 
1514 
1519 
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Tempentnre, 


Frenare. 


Volume of 
Vapour contain* 


DentUy of Vapour 
(Deniity of 
Water = 1). 


Mechanical 
Effect in LtM. 
railed I Foot. 


Fahrenheit. 


Inches of Pouodi per 


AUK \,/Ull VI 

Volume of 




Mercury. 


Square Inch. 


Water. 






37-40 


0-241 


0-12 


164842 


0-00000646 


1525 


89*2 


0-267 


0-13 


145886 


686 


1631 


41 


0-274 


0-13 


137488 


727 


1536 


42-8 


0-291 


0-14 


129587 


772 


1542 


44-6 


0-310 


0-15 


122241 


818 


1649 


46-4 


0-330 


0-16 


115305 


867 


1655 


48-2 


0-351 


0-17 


108790 


919 


1659 


60 


0-373 


0-18 


102670 


974 


1565 


61-8 


0-397 


0-19 


99202 


0-00001032 


1570 


63-6 


0-422 


0-21 


91564 


1097 


1677 


66-4 


0-448 


0-22 


86426 


1157 


1682 


67-2 


0*476 


0-23 


81686 


1224 


1688 


69 


0-505 


0-25 


77008 


1299 


1590 


60-8 


0-537 


0-26 


72913 


1372 


1596 


62-6 


0-670 


0-28 


68923 


1451 


1604 


64-4 


0-604 


0-30 


65201 


1534 


1610 


66-2 


0-641 


0-31 


61654 


1622 


1615 


68 


0-682 


0-33 


68224 


1718 


1621 


09*8 


0-721 


0-35 


65206 


1811 


1626 


71-6 


0-764 


0-37 


62260 


1914 


1632 


73-4 


0-810 


0-40 


49487 


2021 


1638 


76-2 


0-868 


0-^ 


46877 


2133 


1644 


77 


0-909 


0-45 


44411 


2252 


1649 


78-8 


0-963 


0-47 


42084 


2376 


1655 


80-6 


1019 


0-60 


39895 


2507 


1661 


82-4 


1-078 


0-53 


87838 


2643 


1667 


84-2 


1-143 


0-56 


86796 


2794 


1672 


86 


1-206 


0-59 


84041 


2938 


1678 


87-8 


1-276 


0-63 


82291 


3097 


1684 


89-6 


1-349 


0-66 


80650 


8263 


1689 


91-4 


1-425 


0-70 


29112 


3435 


1694 


93-2 


1-506 


0-74 


27636 


3619 


1700 


96 


1-591 


0-74 


26253 


8809 


1706 


96-8 


1-683 


0-82 


24897 


4017 


1712 


98-6 


1-773 


0-87 


23704 


4219 


1717 


100-4 


1-873 


0-92 


22513 


4442 


1722 


102-2 


1-974 


0-97 


21429 


4666 


1728 


104 


2-087 


1-02 


20343 


4916 


1734 


105-8 


2196 


108 


19396 


6156 


1740 


107-6 


2-315 


1-13 


18469 


6418 


1746 


109-4 


2-439 


1-20 


17572 


6691 


1751 


111-2 


2-584 


1-27 


16805 


6023 


1774 


113 


2-707 


1-33 


15938 


6274 


1762 


114-8 


2-850 


1-40 


15185 


6586 


1768 


116-6 


3-000 


1-47 


14472 


6910 


1774 


118-4 


3-158 


1-55 


13809 


7242 


1781 


120-2 


8-322 


1-63 


13154 


7602 


1785 


122 


8-494 


1-71 


12546 


7970 


1791 


123-8 


8-673 


1-80 


11971 


8354 


1796* 


126-6 


3-861 


1-89 


11424 


8753 


1802 


127-4 


4-058 


1-99 


10901 


9174 


1807 


129-2 


4-268 


2-09 


10410 


9606 


1813 


131 


4477 


2-19 


0946 


0-00010054 


1819 


182-8 


4-700 


2-30 


9501 


10525 


1824 


134-6 


4-934 


2-42 


9082 - 


11011 


1830 


136-4 


6-177 


2-54 


8680 


11523 


1886 


188-2 


6-431 


2-66 


8303 


12044 


1842 


140 


6-695 


2-79 


7937 


12599 


1847 


141-8 


6-973 


2-93 


7594 


13179 


1853 


143-6 


6-268 


307 


7267 


13760 


1868 


146-4 


6-568 


8-21 


6957 


14374 


1864 


147-2 


6-869 


8-37 


6662 


15010 


1860 


149 


7-193 


8-53 


6382 


16668 


1876 


150-8 


7-530 


3-69 


6114 


16356 


1881 


162-6 


7-881 


3-86 


6860 


17060 


1887 


154-4 


8-246 


404 


6619 


17797 


1893 


166-2 


8-624 


4-23 


6386 


18566 


1898 


168 


9-019 


4-42 


6167 


19355 


1904 
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Tpmperatnre, 


Preeiure. 


Volume of 
Vapour contain- 
ing Unit of 
Volume of 


DeQsity of Vapour 
(Density of 
Water = 1). 


Mefbaaieal 


Fahrenheit. 


Inches of 


Pounds per 


raised 1 Foot. 




Mercury. 


Square Inch. 


Water. 






169-80 


9-427 


4-62 


4957 


0-00020174 


1909 


161-6 


9-852 


4-83 


4759 


21013 


1915 


163-4 


10-293 


506 


4569 


21889 


1921 


166-2 


10-749 


5-27 


4387 


22794 


1926 


ler 


11-223 


5-50 


4204 


23789 


1928 


168-8 


11-715 


6-74 


4048 


24702 


•1937 


170-6 


12-224 


5-99 


3891 


25609 


1943 


172-4 


12-752 


6-25 


3741 


26789 


1949 


174-2 


13-298 


6-52 


3590 


27789 


1955 


176 


13-862 


6-80 


8462 


28889 


1963 


177-8 


14-449 


7-08 


3331 


30025 


1966 


179-6 


15-055 


7-38 


3206 . 


31195 


1972 


181-4 


15-680 


7-69 


3087 


82399 


1977 


183-2 


16-328 


8-00 


2973 


33637 


1983 


185 


16-996 


8-33 


2864 


34910 


1989 


186-8 


17-688 


8-67 


2760 


36237 


1994 


188-6 


18-401 


9KJ2 


2660 


87590 


2000 


190-4 


19-138 


9-38 


2565 


38984 


2005 


192-2 


19-897 


9-75 


2474 


40417 


2011 


194 


20-680 


10-14 


2387 


41891 


2017 


196-8 


21-488 


10-53 


2304 


43405 


2023 


197-6 


22-321 


10-94 


2224 


44956 


2028 


199-4 


23-179 


11-36 


2148 


46556 


2034 


201-2 


24-062 


11-80 


2075 


48201 


2040 


203 


24-971 


12-24 


2005 


40886 


2045 


204-8 


25-908 


12-70 


1938 


51613 


2051 


200-6 


26-874 


13-17 , 


1878 


53388 


2056 


208-4 


27-860 


13-66 


1812 


55191 


2062 


210-2 


28-877 


14-16 


1751 


67055 


2066 


212 


29-921 


14-67 


1696 


68955 


2073 



Table II. 

Showing the Temperature, Volume, and Density of Vapour of 
Water, corresponding to Pressures of from 1 to 60 Atmotpheres. 

JF^om 1 to 24 Atmospheres, obtained hy Observation* 
24 to 60 " " Analogy. 



Cl 







Volume of 








Volume of 




Preisare, 
Atmo- 
spheres. 


Tempe- 
rature, 
Fahrenheit. 


Vapour 
produced by 

Unit of 
Volume of 

Water. 


Density of 

Vapour 
(Density of 
Water =1). 


Press are, 
Atmo- 
spheres. 


Tempe- 
rature, 
Fahrenheit. 


Vapour 
produced by 

Unit of 

Volume of 

Water. 


Density of 

Vapour 
(Density of 
Water =1). 


1 


212 


1606 


0-0005895 


13 


380*66 


163-74 


0-006107 


1^ 


233-96 


1167-8 


8563 


14 


886-96 


153-10 


6527 


2 


250-52 


897-09 


0-0011147 


15 


392-90 


144-00 


6944 


2i 


263-84 


731-39 


13673 


16 


898-48 


135-90 


7359 


8 


275-18 


619-19 


16150 


17 


403-88 


128-71 


7769 


3* 


285-08 


537-96 


18589 


18 


408-92 


122-28 


8178 


4 


293-72 


476-26 


20997 


19 


413-78 


116-51 


8583 


4i 


800-38 


427-18 


23410 


20 


418-46 


111-28 


8986 


5 


807-58 


888-16 


25763 


21 


422-96 


106-53 


9387 


5| 


814-24 


355-99 


28091 


22 


427-28 


102-19 


9785 


6 


820-36 


328-93 


80402 


23 


431-42 


98-21 


0-010182 


H 


326-30 


305-98 


32683 


24 


435-56 


94-56 


10575 


7 


331-70 


286-12 


84911 


25 


439-34 


9117 


10968 


n 


836-92 


268-82 


87217 


30 


457-16 


77-50 


12903 


8 


841-78 


253-59 


39434 


35 


472-64 


68-20 


14663 


9 


850-78 


227-98 


43865 


40 


486-50 


60-08 


16644 


10 


358-88 


207-36 


48226 


45 


499-10 


54-06 


18497 


11 


866-80 


190-27 


52557 


60 


610-62 


49-31 


20306 


12 


S7400 


175-96 


66834 
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1495. Vapour separated from a liquid may he dilated hy Keai 
like any gaseous body, — In these tables the vapour is considered as 
being in the state of the greatest density which is compatible with 
its temperature. It must be remembered that vapour separated from 
the liquid may, by receiving heat from any external source, be raised 
like so much air, or other gaseous fluid, to any temperature whatever, 
and that the elevation of its temperature under such circumstances 
is attended with the same effects as atmospheric air. If it be so 
confined as to be incapable of expansion, its pressure will be aug- 
mented a ^^ijth part by each degree of temperature it receives ; and 
if it be capable of expanding under an uniform pressure, then ita 
volume will be augmented in the same ratio. 

1496. Peculiar properties of superheated vapour. — Vapour which 
receives a supply of heat after it has been separated from the liquid, 
and which may therefore be denominated superheated vapour ^ has 
some important properties which distinguish it from the vapour which 
proceeds directly from the liquid. 

The vapour which proceeds directly from a liquid by the process 
of evaporation, contains no more heat than is essential to its mainte- 
nance in the vaporous form. K it lose any portion of this heat, a 
part of it will become liquid ] and the more it loses the more will 
return to the liquid state, until, being deprived of all the heat which 
it had received in the process of evaporation, the whole of the vapour 
will become liquid. 

But, in the case of superheated vapour, the effects are different. 
Such vapour may lose a part of its heat and still continue to be 
vapour. In fact, no part of it can be reduced to the liquid state until 
it lose all the heat which had been imparted to it after evaporation. 

1497. Vapour cannot he reduced to the liquid state hy mere cowi- 
pression. — ^It is sometimes affirmed that vapour may, by mere me- 
chanical compression, be reduced to the liquid state. This is an 
error. It is true neither in relation to vapour raised directly from 
liquids, nor of superheated vapour. 

1498. Vapour which has the greatest density due to its tempera- 
ture under any given pressure^ will have the greatest density at all 
oth^r pressures, provided it do not gain or lose heat while the pressure 
is changed. — If vapour raised directly from a liquid, at any proposed 
pressure, be, after separation from the liquid, either compressed into 
a diminished volume or allowed to expand into an increased volume, 
its temperature will be raised in the one case and lowered in the 
other; and, at the same time, its pressure will be augmented by the 
diminution and diminished by the augmentation of volume. It will 
be found, however, that the temperature, pressure, and volume will 
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in every case be exactly those which the vapour would have had 
if it had been directly raised from the liquid at that temperature and 
pressure. 

Thus, the vapour raised from water at the temperature of 68® ha43 
a volume 58224 times greater than the water that produced it (see 
Table I. p. 104.). Now let this vapour, being separated from the 
water, be compressed until it be reduced to a volume which is only 
1696 times that of the water which produced it, and its temperature 
will rise to 212®, exactly that which it would have had if it had been 
directly raised from the water under the increased pressure to which 
it has been subjected. 

In the same manner, whatever other pressure the vapour may be 
submitted to, it will still, after compression, continue to be vapour, 
and will be identical in temperature and volume with the vapour 
which would be raised from the same liquid directly if evaporated 
under the increased pressure. 

1499. Compression facilitates the abstraction of heat hy raising 
the temperature, and thiis facilitates condensation, — Although mere 
compression cannot reduce any part of a volume of vapour to the 
liquid state, it will facilitate such a change by raising the tempera- 
ture of the vapour without augmenting the quantity of heat it con- 
tains, and thereby rendering it possible to abstract heat from it. 
Thus, for example, if a volume of vapour at the temperature of 32®- 
be given, it may be difficult to convert any portion of it into a liquid, 
because heat cannot be easily abstracted from that which has already 
a temperature so low. But if this vapour, by compression, and with- 
out receiving any accession of heat, be raised to the temperature of 
212®, it can easily be deprived of a part of its heat by placing it in 
contact with any conducting body at a lower temperature ; and the 
moment it loses any part of its heat, however small, a portion of it 
will be reduced to the liquid state. 

1500. Permanent gases are superJieated vapours. — ^It may be con- 
sidered as certain, that all that class of bodies which are denominated 
permanent gases are the superheated vapours of bodies which, under 
other thermal conditions, would be found in the liquid or solid state. 
It is easy to conceive a thermal condition of the globe, which would 
render it impossible that water should exist save in the state of 
vapour. This would be the case, for example, if the temperature, 
of the atmosphere were 212® with its present pressure. A lower 
temperature, with the same pressure, would convert alcohol and ether 
into permanent gases. 

1501. Process hy which gases have been liquefied and solidifi^ed, 
— The numerous experiments by which many of the gases hitherto 
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regarded as permanent have been condensed and reduced to the 
liquid, and^ in some cases, to the solid state, have farther confirmed 
the inferences based on these physical analogies. The principle on 
which such experiments have in general been founded is, that if, by 
any means, the heat which a superheated vapour has received after 
having assumed the form of vapour can be taken from it, the con- 
densation of a part of it must necessarily attend any further loss of 
heat, since, by what has been explained, it will be apparent that no 
heat will remain in it except what is essential to its maintenance in 
the vaporous state. 

The gas which it is desired to condense is first submitted to severe 
compression, by which its temperature is raised either by diminishing 
its specific heat or by developing heat that was previously latent in 
it. The compressed gas is at the same time surrounded by some 
medium of the most extreme cold ; so that, as fast as heat is developed 
by compression, it is absorbed by the surrounding medium. 

. When, by such means, all the heat by which the gas has been 
surcharged has been abstracted, and when no heat remains save what 
is essential to the maintenance of the elastic state, the gas is in a 
thermal condition analogous to that of vapour which has been directly 
raised by heat from a liquid, and which has not received any further 
supply of heat from any other source. It follows, therefore, that 
any further abstraction of heat must cause the condensation of a 
corresponding portion of thp gas. 

1502. Gases which have been liquefied. — The following gases, 
being kept at the constant temperature of 32° by depriving them of 
heat as fast as their temperature was raised by compression, have 
been reduced to the liquid state. The pressures necessary to accom- 
plish this are here indicated : — 



Names of 6ue« condenaed. 



Sulphurous acid 

Cyanogen gas 

Hydriodic a^ 

Ammoniacal gas .... 
Hydrochloric acid .. 
Protoxide of azote . 
Carbonic acid 



Pressure under which 
Condensation took place. 



Atmospheres. 
1-5 
2-3 
4-0 
4-4 
80 
37-0 
39-0 



If these substances be regarded as liquids, the above pressures 
would be those under which they would vaporize at 32°. If they 
be regarded as vapours, they are the pressures under which they 
would be condensed at 32°. 

M. Pouillet succeeded in condensing some of these gases at the 
following higher temperatures and greater pressures : — 
II. 10 
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Qu. 



SxilphurouB add*.'* 
Ammoniacal gas.... 
Protoxide of azote. 
Carbonic acid 



Tcnpentare, 

FabreDheit. 



460-4 
60 
61-8 
60 



Preware, 

▲tmotpberet. 



2-6 

6 
48 
45 



Hydrochloric acid has been reduced to a liquid at 50^ under a 
pressure of 40 atmospheres. 

1503. Under extreme pressures, gases depart from the common 
law of the density being proportional to the pressure, — In these ex- 
perimental researches, it has been found that when the gases are 
submitted to extreme compression, and depriyed of a large portion 
of the surcharged heat, they begin to depart from the general law in 
virtue of which the density of gaseous bodies at the same tempera- 
ture is proportional to the compressing force, and they are found to 
acquire a density greater than that which they would have under this 
general law. This would appear, therefore, as a departure from the 
law, preliminary to the final change from the gaseous to the liquid 
state ; and in this point of view, analogies have been observed which 
render it probable that the point of condensation of several of the 
gases not yet liquefied has been very nearly approached. 

Thus, it lias been found that the density of several of them, 
among which may be mentioned light carburetted hydrogen and 
defiant gas (heavy carburetted hydrogen), has been sensibly greater 
than that due to the compressing force under extreme degrees of 
compression. 

1504. State of ehvllition, hoiling point. — If heat be continually 
imparted to a liquid, its temperature will be augmented, but will only 
rise to a certain point on the thermometric scale. At that point it 
will remain stationary, until the whole of the liquid shall be converted 
into vapour. During this process, vapour will be formed in greater 
or less quantity throughout the entire volume of the liquid, but more 
abundantly at those parts to which the heat is applied. Thus if, as 
usually happens, the heat be applied at the bottom of the vessel con- 
taining the liquid, the vapour will be formed there in large bubbles, 
and will rise to the surface, producing that agitation of the liquid 
which has been called hoiling or ebullition. 

This limiting temperature is called the boiling point of the liquid. 
Different liquids boil at different temperatures. The boiling point 
of a liquid is therefore one of its specific characters. 

1505. Boiling point varies with the pressure, — Liquids in general 
being boiled in open vessels, are subject to the pressure of the atmo- 
sphere. If this pressure vary, as it does at different times and places, 
or if it be increased or diminished by artificial meanS; the boiling 
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point will undergo a corresponding change. It will rise on the 
thermometric scale as the pressure to which the liquid is subject is 
increased, and will fall as that pressure is diminished. 

The boiling point of water is 212°, when subject to a pressure 
expressed by a column of 30 inches of mercury. It is l85°^ when 
subject to a pressure expressed by 17 inches of mercury. 

In general, the temperatures at which water would boil under the 
pressures expressed in the second column of the table (1494) are 
expressed in the first column. 

1506. Uxpertmental verification of this principle, — Let water at 
the temperature of 200®, for example, be placed in a glass vessel, 
under the receiver of an air-pump, and let the air be gradually with- 
drawn. After a few strokes of the pump the water will boil ] and 
if the gauge of the pump be observed, it will be found that its alti- 
tude will be about 23} inches. Thus, the pressure to which the 
water is submitted has been reduced fit)m the ordinary pressure of 
the atmosphere to a diminished pressure expressed by 23} inches, and 
we find that the temperature at which the water boils has been 
lowered from 212° to 200°. Let the same experiment be repeated 
with water at the temperature of 180°, and it will be found that a 
further rarefaction of the air is necessary, but the water will at length 
boil. K the gauge of the pump be now observed, it will be found 
to stand at 15 inches, showing that at the temperature of 180° water 
will boil under half the ordinary pressure of the atmosphere. This 
experiment may be varied and repeated, and it wHl always be found 
that water will boil at that temperature which corresponds to the 
pressure given in the table. 

1507. At elevatei stations water hoils at low temperatures'.— It is 
well known, that as we ascend in the atmosphere, the pressure is 
diminished in consequence of the quantity of air we leave below us, 
and that, consequently, the barometer falls. It follows, therefore, 
that at stations at different heights in the atmosphere, water will boil 
at different temperatures ; and that the boiling point at any given 
place must therefore depend on the elevation of that place above the 
surface of the sea. Hence the boiling point of water becomes an 
indication of the height of the station, or, in other words, an indica- 
tion of the atmospheric pressure, and thus the thermometer serves 
in some degree the purposes of a barometer. 

1508. Table of the boiling points of water at various places. — ^In 
the following table the various temperatures are shown at which 
water boils in the different places therein indicated. 
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Table of the boiling Points of Water at different Elevaiions above 

the Level of the Sea. 



Names of Placet. 



Farm of Antlsana » 

Town of Micoipampa (Pern) 

Qnito 

Town of Caxamarca (Pern) 

Santa F6 de Bogota 

Guenfa (Quito) 

Mexioo 

Hospioe of St. Oothard 

St. Yeron (Maritime Alps) 

Breuil (Valley of Mont Cerrin) 

Manrin (Lower Alps) 

St.R6mi..^ 

Heas (Pyrenees) 

Gayanne (Pyrenees) 

Brian^on 

Barege (Pyrenees) ^ 

Palace of San Ddefonso (Spain) 

Baths of Mont d*Or (Auvergne)........ 

Pontarlier 

Madrid 

Inspmck 

Munich 

Lausanne 

Augsburg 

Salzburg 

Neufch&tel 

Plombi^res 

Clermont-Ferrand (Prefecture) 

Geneva and Friburg 

Ulm V 

Ratisbon 

Moscow 

Gotha 

Turin 

Dyon : 

Prague 

MAcon(Sadne) 

Lyons (Rhone) 

Cassel 

G5ttin^n 

Vienna (Dannb^ 

Milan (Botanic Garden) 

Bologniei 

Parma 

Dresden , 

Paris (Royal Observatory, first floor) 

Rome (Capitol) , 

Berlin , 



Above Level 
of Sea. 


Mean Height 
of Barometer. 


Thermometer. 


13455 


Inchti. 

17-87 


Dttrttt, 

187-4 


11870 


19-02 


190-2 


9541 


20-75 


194-2 


9384 


20-91 


194-5 


8731 


21-42 


195-6 


8639 


21-50 


196-8 


7471 


22-52 


198-1 


6808 


23-07 


199-2 


6603 


2315 


199-4 


6585 


23-27 


199-6 


6240 


23-58 


200-3 


5265 


24-45 


202-1 


4807 


24-88 


202-8 


4738 


24-96 


203-0 


4285 


26-39 


2030 


4164 


25-51 


2041 


3790 


25-87 


204-8 


3412 


26-26 


206-7 


2717 


26-97 


206-8 


1995 


27-72 


208-0 


1867 


27-87 


208-4 


1765 


27-95 


208-6 


1663 


28-08 


208-9 


1558 


28-19 


209-1 


1483 


28-27 


209-1 


1437 


28-31 


209-3 


1381 


28-39 


209-3 


1348 


28-43 


209-3. 


1221 


28-54 


209-5' 


1211 


28-58 


209-7 


1188 


28-58 


209-7 


OSL± 


28-82 


210-2 


935 


28-86 


210-2 


765 


29-06 


210-4 


712 


29-14 


210-6 


587 


29-25 


210-7 


551 


29-20 


210-0 


632 


29-33 


210-0 


518 


29-33 


210-0 


440 


29-41 


211-1 


436 


29-41 


2111 


420 


29-46 


211-1 


897 


29-40 


. 211-1 


305 


29-57 


211-3 


295 


29-61 


211-3 


213 


-29-60 


211-5 


151 


29-76 


211-6 


131 


29-76 


211-6 



1509. Latent heat of vapour, — ^When a liquid is converted into 
vapour, a certain quantity of heat is absorbed and rendered latent in 
the vapour. 

The vapour which proceeds from the liquid has the same tempera- 
ture as the liquid. It can be shown, however, experimentally, that, 
weight for weight, it contains much more heat. To render this 
manifest, let b, f^. 446., be a vessel containing water, which is kept 
in the state of ebullition and at the temperature of 212° by means 
of a lamp^ or any other source of heat. Let the steam be conducted 
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bj a pipe o to & tosmI a, wliich oon- 
taioa a qoantity of water at the tem- 
perature of 32°. The steam isaning 

I from the pipe is condeiiBed bjthe eola 

' water, and mixing with it, gradoallj 

raises its temperature until it attains 

the temperature of 212", after which 

the steam ceases to be condeDsed, and 

escapes in bubbles at the surface, as 

Dg. ut. common air would if driven into the 

water irom the pipe. 

If tbe quantity of water in A be weighed before and after -tbig 

proceaa, its weight will be found to be increased in the ratio of 11 

to 13. Thus 11 lbs. of water at 32°, mixed with 2 lbs. of water in 

the form of steam at 212°, have produced 13 lbs. of water at 212°, 

EO that the 2 lbs. of water which were introduced in the form of 

steam at 212° have been changed from the vaporous to tbe liquid 

state, retaining however their temperature of 212°, and have ^ven 

to 11 lbs. of water which were previously in A at 32° as much heat 

as has been sufficient to raise that quantity to 212°, 

It follows, therefore, that any given weight of water in the form 
of steam at 212° contains as muoh heat latent in it as ia sufficient to 
raise 5} times its own weight of water from 32° to 212°, that is, 
through 180° of the thermometric scale. 

If it be assumed that to raise a pound of wat«r through 180° re- 
quires ISO times as much heat as to raise it one degree, it will follow 
that the quautity of latent heat contained in a pound of water in tbe 
form of steam at 212" is 5 } x 180^=990 times as much as wouM 
raise a pound of water through one degree. 

This fact is usually expressed by stating that steam at 212° oOD- 
Uins 990° of latent heat. 

The same important fact can also be made manifest in the follow- 
ing manner. Leta lamp, or any source of heat which acts in a 
regular and uniform manner, be applied to a vessel containing any 
given quantity of water which ia at 32° when the process commence, 
and let tbe time be observed which the lamp takes to raise the water 
to 212°. Let the lamp continue to act in the same uniform manner 
until all the water has been converted into steam, and it will be 
found that the time necessary for such complete evaporation will be 
exactly 5} times that which was necessary to raise the water from 
the freezing to the boiling point. In a word, it will require 5} times 
as long an interval to convert any given quantity of water into steam 
as it will take to raise the same quantity of water, by the same source 
of heat, from tbe freezing to the boiling point j and consequently it 
follows, that 5J times as much heal ia absorbed in the evaporation 
10* 
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of water, as is necessary to raise it without evaporation throngh 180^ 
of temperature. 

1510. Different estimates of the latent heat of the vapour of 
water, — Different experimental inquirers have estimated the heat 
rendered latent by water in the process of evaporation at 212^ as 
follows : — 

Watt 950<» 

Southern 945*» 

Lavoisier 1000<» 

Rumford 1004<'-8 

Despretz 955°-8 

Regnault 967°*5 

Favre and Silbermann 964^*8 

In round numbers, it may therefore be stated that as much heat is 
absorbed in converting a given quantity of water at 212° into steam 
as would be sufficient to raise the same quantity of water to the tem- 
perature of 1200° when not vaporized. 

1511. Heat absorbed in evaporation at different temperatures. — 
It was observed at an early epoch in the progress of discovery, that 
the heat absorbed in vaporization was less as the temperature of the 
vaporizing liquid was higher. Thus a given weight of water 
vaporized at 212°, absorbs less heat than would the same quantity 
vaporized at 180°. It was generally assumed that the increase of 
latent heat, for lower as compared with higher temperatures, was 
equal to the difference of the sensible heats, and consequently, that 
the latent heat added to the sensible heat, for the same liquid, must 
always produce the same sum. Thus, if water at 212° absorb in 
vaporization 950° of heat, water at 262° would only absorb 900°, 
and water at 162° would absorb 1000°. 

The simplicity of this result rendered it attractive, and, as the 
general result of experiments appeared to be in accordance with it, it 
was generally adopted. M. Kegnault has, however, lately submitted 
the question, not only of the latent heat of steam, but also its pressure, 
temperature, and density, to a rigorous experimental investigation, 
and has obtained results entitled to more confidence, and which 
show that the sum of the latent and sensible heats is not rigorously 
constant. 

1512. Latent heat of vapour of water ascertained by Regnault, 
— The pressures and densities obtained by M. Regnault are in accord- 
ance with those given in (1494). The latent heats are given in the 
following table, where I have given their sums, and shown what does 
not seem to have been hitherto noticed, that they increase by a con- 
stant difference 
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Sum of 




 


Sam of 


Temp. 


Latent 


Latent Heat 


Temp. 


Latent 


Latent Heat 


Heat. 


and 


Heat 


and 






Sensible Beat. 






Sensible Heat 


32° 


1092-6 


1124-6 


2480 


939-6 


1187-6 


60 


10800 


1130-0 


266 


927-0 


1193-0 


68 


1067-4 


1136-4 


284 


914-4 


1198-4 


86 


1064-8 


1140-8 


802 


901-8 


1203-8 


104 


1042-2 


1146-2 


320 


889-2 


1209-2 


122 


1029-6 


1161-6 


338 


874-8 


1212-8 


140 


10170 


11670 


366 


862-2 


1218-2 


168 


1004-4 


1162-4 


874 


849-6 


1223-6 


176 


991-8 


1167-8 


392 


835-2 


1327-2 


194 


979-2 


1173-2 


410 


822-6 


1232-6 


212 


966-6 


1178-6 


428 


808-2 


1236-2 


230 


962-2 


1182-2 


446 


793-8 


1239-8 



It appears, therefore, that the sum of the latent and sensible heats 
is not constant, but increases by a constant difference, — a difference 
however which, compared with the sum itself, is very small, and for 
limited ranges of the thermometric scale, when extreme accuracy is 
not required, may be disregarded. (See Appendix.) 

1513. Latent Jieat of other vapours ascertained hy Favre and Sil- 
hermann. — The latent heat of the vapours of other liquids have been 
ascertained by MM. Favre and Silbermann, and are given, as well as 
the specific heats, in the following table : — 



Names of Substances. 



Water 

Carburetted hydrogen..^ 
Ditto 

Wood«pirit...«. 

Alcohol, absolute 

" Valerianic 

« ethalic 

Ether, sulphuric 

" Valerianic 

Acid, formic 

'* acetic 

" butyric 

" Valerianic 

Ether, acetic. 

Butyrate of Methyldne 
Essence of turpentine.. 

T6r6b6ne 

Oil of lemons 



Temperature. 


Specific Heat 


Latent Heat 


o 
212 


1 


964-8 


892 


0-49 


108 


482 


0-60 


108 


161-7 


0-67 


476-2 


172-4 


0-64 


374-4 


172-4 


0-69 


217-8 


172-4 


0-61 


104-4 


100-4 


0-60 


163-8 


236-3 


0-62 


124-2 


212 


0-65 


304-2 


248 


0-61 


183-6 


327-2 


0-41 


207 


847 


0-48 


187-2 


166-2 


0-48 


190-8 


199-4 


0-49 


156-6 


812-8 


0-47 


124-2 


312-8 


0-62 


120-6 


329 


0-50 


126 



1514. Condensation of vapour. — Since by continually imparting 
heat to any body in the liquid state it at length passes into the form 
of vapour, analogy suggests that by continually withdrawing heat 
from a body in the vaporous state^ it must necessarily return to the 
liquid state, and this is accordingly generally true. The vapour being 
exposed to cold is deprived of a part of that heat which is necessary 
to sustain it in the aeriform state, and a part of it is accordingly re- 
stored to the liquid form, and this continues until by the continual 
abstraction of heat the whole of the vapour becomes liquid ; and as 
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a liquid, in passing to the vaporous fono, undergoes an immense ex- 
pansion or increase of bulk, so a vapour in returning to the liquid 
form undergoes a corresponding and equal diminution of bulk. A 
cubic inch of water, transformed into steam at 212^, enlarges in 
magnitude to nearly 1700 cubic inches. The same steam being 
reconverted into water, by abstracting from it the heat communi- 
cated in its vaporization, will be restored to its former bulk, and 
will form one cubic inch of water at 212°. Y^ours arising from 
other liquids will undergo a like change, differing only in the degree 
of diminution of volume which they suffer respectively. The dimi- 
nished space into which vapour is contracted when it passes into the 
liquid form, has caused this process to be called condensation, 

1515. TFAy vessels in which liquids are boiled are not destroyed 
hy extreme heat. — The absorption of heat in the process by which 
liquids are converted into vapour will explain why a vessel containing 
a liquid that is constantly exposed to the action of fire can never re- 
ceive such a degree of heat as would destroy it. A tin kettle, con- 
taining water may be exposed to the action of the most fierce furnace, 
and remain uninjured; but if it be exposed, without containing water, 
to the most moderate fire, it will soon be destroyed. The heat which 
the fire imparts to the kettle containing water, is immediately absorbed 
by the steam into which the water is converted. So long as water 
is contained in the vessel, this absorption of heat will continue ; but 
if any part of the vessel not containing water be exposed to the fire, 
the metal will be fiised, and the vessel destroyed. 

1516. Uses of latent heat of steam in domestic ecoTvomy, — The 
latent heat of steam may be used with convenience for many domestic 
purposes. In cookery, if the steam raised from boiling water be 
allowed to pass through meat or vegetables, it will be condensed upon 
their surface, imparting to them the latent heat which it contained 
before its condensation, and thus they will be as effectually boiled aa 
if they were immersed in boiling water. 

1517. Method of warming dwelling-houses. — In dwelKng-houses, 
where pipes convey cold water to different parts of the building, 
steam pipes carried through the building will enable hot water to be 
procured in every part of it with speed and facility. The cock of 
the steam pipe being immersed in a vessel containing cold water, the 
steam which escapes from it will be condensed by the water, which 
receiving the latent heat will soon be raised to any required tempera- 
ture below the boiling point. Warm baths may thus be prepared in 
a few minutes, the water of which would require a long period to 
boil. 

1518. Effects of the temperatures of different climates on certain 
liquids. — The variations of temperature incident to any part of the 
globe are included within narrow limitS; and these limits determine 
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the bodies which are found to exist there most commonly in the solid, 
liquid, or gaseous state. 

A body whose boiling point is below the lowest temperature of the 
climate must always exist in the state of vapour or gas } and one 
whose point of fusion is above the highest temperature must always 
be solid. Bodies whose point of fusion is below the lowest tempera- 
ture, while their boiling point is above the highest temperature, will 
be permanent liquids. A body whose point of fusion is a little 
above the lowest limit of the temperature, will exist generally 
as a liquid, but occasionally as a solid. Water in these climates is 
an example of this. A liquid, on the other hand, whose boiling 
point is a little below the highest limit of temperature, will generally 
exist in the liquid, but occasionally in the gaseous form. Ether in 
hot climates is an example of this, its boiling point being 98°. 

Some bodies are only permanently retained in the liquid state by 
the atmospheric pressure. Ether and alcohol are examples of these. 
If these liquids be placed under the receiver of an air-pump, and the 
pressure of the air be partially removed, they will boil at the common 
temperature of the air. ^ 



CHAP. IX. 

CONDUCTION. 

1519. Good and had condiictors, — When heat is imparted to one 
part of any mass of matter, the temperature of that part is raised 
above that of the other parts. Q%is inequality, however, is only 
temporary. The heat gradually diffuses itself from particle to par- 
ticle throughout the volume of the body, until a perfect equilibrium 
of temperature has been established. Different bodies exhibit a dif- 
ferent facility in this gradual transmission of heat. In some it passes 
more rapidly from the hotter to the colder parts than in others. Those 
bodies in which it passes easily and rapidly, are good condtictors. 
Those in which the temperature is equalized slowly, are badcondrictors. 




Fig. ur. 

1520. Experimental iUustration o/condtiction, — Let A B,^^. 447.| 
be a bar of metal having a large cavity formed at its extremity A, 
and having a series of small cavities formed at equal distances through- 
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out its length at Ti, Tj, T3, &o. Let the bulbs of a series of thermo- 
meters be immersed in mercury in these cavities severally. These 
thermometers will all indicate the same temperature^ being that of 
tiie bar a b. 

Let the large cavity A^ at the end of the bar, be filled with mer- 
cury at a high temperature, 400° for example. 

After the lapse of some minutes the thermometer Ti willbegin to rise ; 
after another interval the thermometer Tj will begin to be affected; 
and the others, T3, T4, &g,, will be successively affected in the same 
way; but the thermometer Ti, by continuing to rise, will indicate a 
higher temperature than T2, and Tj a higher temperature than T3, and 
so on. After the lapse of a considerable time, however, the thermo- 
meter T, will become stationary. Soon afterwards Tj, having risen 
to the same point, will also become stationaiy; and, in tho same 
manner, all the others having successively risen to the same pointy 
wUl become stationary. 

if several bars of different substances of equal dimensions be sub- 
mitted to the same process, the ther- 
mometers will be more or less rapidly 
affected, according as they are good 
or bad conductors. An apparatus by 
which this is exhibited in a striking 
manner is represented in Jig. 448. 
Fig. 448. A series of rods, of equal length 

and thickness, are inserted at the 
same depth in the side of a rectangular vessel, passing across the in- 
terior of the vessel to the opposite side. The rods, which are silver, 
copper, iron, glass, porcelain, wood, &c., are previously covered with 
a thin coating of wax, or any other substance which will melt at a 
low temperature. BoUing water or heated mercury is poured into 
the vessel, and imparts heat to those parts of the rods which extend 
across it. It is found that the heat, as it passes by conduction along 
the rods, melts the wax from their surface. Those which are com- 
posed of the best conductors — silver, for example — will melt off the 
wax most rapidly; the less perfect conductors less rapidly; and on 
the rods composed of the most imperfectly conducting materials, such 
as glass or porcelain, the wax will not be melted beyond a very small 
distance from the point where the rod enters the vessel. 

1521. Table o/condticting powers, — By experiments conducted 
on this principle, it has been found that the conducting powers of the 
subjoined substances are in the ratio here expressed, that of gold 
being 100. 




aold 100-00 

Platinum 98-10 

Silver 97*30 

Copper 89-82 

Iron 37*41 

Zinc 36*37 



Tin 30-38 

Lead 17*96 

Marble 2*34 

Porcelain 1*22 

Brick earth 1*13 
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It is eyideat, therefore^ that metals are the best conduetors of heat^ 
and in general the metals which have the greatest specific gravity are 
the best conductoFS^ as will appear by comparing the preceding num- 
bers with those given in the table of specific gravity (Hand-Ik)ok of 
Hydrostatics, &e., 782). It is also found that among woods, with 
some exceptions, the conducting power increases with the density. 
The conducting power of nul^-wood, however) is greater than that of 
oak. 

Bodies of: a p(»ous, soft, or spongy texture, and more especially 
those of a fibrous nature, such as wool, feathers, fur, hair, &c.; are 
the worst conductors of heat. 

1522. Liguids and gckses are ruynrcondv^stors, — ^Liquids are almost 
absolute non-conductors. Let a tall narrow glass vessel having a 
cake of ice at the bottom be filled with strong alcohol at 32°. Let 
two thermometers be immersed in it, one near the surface, and the 
other at half the depth. If the alcohol be inflamed at the surface, 
the thermometer near the surface will rise, but that which is at the 
middle of the depth will be scarcely afiected, and the ice at the bot- 
tom will not be dissolved. (See Appendix.) 

Bodies in the gaseous state axe probably still more imperfect con- 
ductors than liquids. 

1523. Temperature equalized in these hy circulation. — ^The equi- 
librium of temperature is, however, maintained in liquid and gaseous 
bodies by other principles, which are more prompt in their action 
than the conductibility even of the solids which possess that quality 
in the highest degree. When the strata of fluids, whether liquid or 
gaseous, are heated, they become by expansion relatively lighter than 
those around them. If they have any strata above them, which 
generally happens, they rise by their buoyancy, and the superior 
strata descend. There are thus two systems of currents established, 
one ascending and the other descending, by which the heat imparted 
to the fluid is diffused through the mass, and the temp^*ature is 
equalized. 

1524. Conducting power diminished hy subdivision andpulverC' 
zation, — The conducting power of all bodies is diminished by pul- 
verizing them, or dividing them into fine filaments. Thus sawdust, 
when not too much compressed, is one of the most perfect non-con- 
ductors of heat. A casing of sawdust is found to be the most eflec- 
tual method of preventing the escape of heat from the surface of 
steam boilers and steam pipes. 

If, however, the sawdust be either much compressed on the one 
hand, or too loosely applied on the other, it is not so perfect a non- 
conductor. In the one case, the particles being brought into closer 
contact, transmit heat from one to another ; and, in the other case, 
the air circulating too freely among them, the currents are established 
by which the heat is diffused through the mass. 
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To produce, therefore, the moit perfect non-conductor, the parti- 
cles of the body must have naturally little conductibility, and they 
must be sufficiently compressed to prevent the circulation of currents 
of air among them, and not sufficiently compressed to give them a 
facility of transmitting heat from particle to particle by contact. 

1525. Beautiful examples of this principle in the animal econo- 
my. — The animal economy presents numerous and beautiful exam- 
ples of the fulfilment of these conditions. It is generally necessary 
to the well-being of the animal to have a temperature higher than 
that of the medium which it inhabits. In the animal organization, 
there is a principle by which heat is generated. This heat has a 
tendency to escape and to be dissipated at the surface of the body, 
and the rate at which it is dissipated depends on the difference be- 
tween the temperature of the surface of the body and the tempera- 
ture of the surrounding medium. If this difference were too great, 
the heat would be dissipated faster than it is generated, and a loss 
of heat would take place, which, being continued to a certain ex- 
treme, would destroy the animal. 

Nature has provided an expedient to prevent this, which varies in 
its efficiency according to the circumstances of the climate and the 
habits of the animal. 

1626. Uses of thepluTnage of birds. — The plumage of birds is 
composed of materials which are bad conductors of heat, and are so 
disposed as to contain in their interstices a great quantity of air with- 
out leaving it space to circulate. For those species which inhabit , 
the colder climates a still more effectual provision is made, for, under 
the ordinary plumage, which is adapted to resist the wind and rain, 
a still more fine and delicate down is found, which intercepts the 
heat which would otherwise escape through the coarser plumage. 
Perhaps the most perfect insulator of heat is swansdown. 

1527. The wool and fur of animals. — The wool and fur of ani- 
mals are provisions obviously adapted to the same uses. They vary 
not only with the climate which the species inhabits, but in the same 
individual they change with the season. In warm climates the furs 
are in general coarse and sparse, while in cold countries they are fine, 
close, light, and of uniform texture, so as to be almost impermeable 
to heat. 

1528. The hark of vegetables. — The vegetable, not less than the 
animal kingdom, supplies striking illustrations of this principle. 
The bark, instead of being hard and compact, like the wood which 
it clothes, is porous, and in general formed of discontinuous laminae 
and fibres, and for the reasons already explained is a bad conductor 
of heat, and thus prevents such a loss of heat from the surface of the 
wood under it as would be injurious to the tree. 

A tree stripped of its bark perishes as an animal would if stripped 
of its fleece, or a bird of its plumage. 
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1529. Properties of the artifietal dothing of man. — Man is en- 
dowed with faculties which enable him to fabricate for himself cover- 
ing similar to that which nature has provided for other animals ; and 
where his social condition is not sufficiently advanced for the accom- 
plishment of this, his object is attained by the conquest of inferior 
animals; whose clothing he appropriates. 

Clothes are generally composed of some light non-conducting sub- 
stances which protect the body from the inclement heat or cold of 
the external air. In summer, clothing keeps the body cool ; in win- 
ter, warm. Woollen substances are worse conductors of heat than 
cotton, cotton than silk, and silk than linen. A flannel shirt more 
effectually intercepts heat than cotton, and a cotton than a linen one. 

1530. Effects of snow on the soil in winter, — What^the plumaget. 
does for the bird, wool for the animal, and clothing for the man, 
snow does in winter for the soil. The farmer and the gardener look 
with dismay at a hard and continued frost which is not preceded by 
a fall of snow. The snow is nearly a non-conductor, and, when suf- 
ficiently deep, may be considered as absolutely so. The surface may 
therefore fall to a temperature greatly below 32°, but the bottom in 
contact with the vegetation of the soil does not share in this fall of 
temperature, remaining at 32°, a temperature at that season not in- 
compatible with the vegetable organization. Thus the roots and 
young shoots are protected from a destructive cold. 

1531. Matting upon exotics, — The gardener who rears exotic 
vegetables and fruit-trees protects them from the extreme cold of 
winter by coating them with straw, matting, mosS; and other fibrous 
materials which are non-conductors. 

1532. Method of preserving ice in hot climates, — K we would 
preserve ice from dissolving, the most effectual means would be to 
wrap it in blankets. Ice-houses may be advantageously surrounded 
with sawdust, which keeps them cold by exdvdirvg the heat, by the 
same property in virtue of which it keeps steam-boilers warm by 
including the heat. ^^ 

Air being a bad conductor of heat, ice-houses are sometimes con- 
structed with double walls, having a space between them. This 
expedient is still more effectual, if the space be filled with loose saw- 
dust. 

1533. Glass and porcelain vessels, why broken hy hot water, — 
Glass and porcelain are slow conductors of heat, which explains the 
fact that vessels of this material are so often broken by suddenly 
pouring hot water into them. If it be poured into a glass tumbler, 
the bottom, with which the water first comes in contact, expands, but 
the heat not passing freely to the upper part, this expansion is limited 
to the bottom, which is thus forced from the upper part and a crack 
is produced. 

II. 11 
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1534. TFMie-coo&r«. — When wine-coolers Baye a doable casing, 
the external space is filled with a non-conductor. 

1536. A heated globe cooh inwards. — ^When a solid body, a globe 
for example, is heated at the sar&ce, the heat passes gradaallj from 
the surface to the centre. The temperature of the superficial stratum 
is greater, and the temperature of the centre less than those of the 
intermediate parts, and the temperature of the successive strata are 
gradually less proceeding from the surface to the centre. 

But if the globe be preTiously heated, so as to have an uniform 
temperature firom. the centre to the sur&ce, and be allowed to cool 
gradually, the superficial stratum will first fiUl some degrees below the 
stratum within it. ' This latter will fall below the next stratum pro- 
ceeding inwards; and in the same way each successive stratum pro- 
ceeding from the surface to the centre will attain a temperature a 
little lower than the stratum under it, the temperatures augmenting 
from the surface to the centre. 

After an interval of greater or less duration according to the mag- 
nitude of the globe, the conductibility and specific heat of the matter 
of which it is composed, the temperature to which it had been raised, 
and the temperature of the medium, it will be reduced to an uniform 
temperature, which will be that of the surrounding medium. 

1536: ExarrvpU of fluid metal caM in spherical mould. — ^If a 
mass of fluid metal be cast in a spherical mould, the sur&ce only 
will be solidified in the first instance. It will become a sphericsd 
shell, filled with liquid metal. As the cooling proceeds, the shell 
will thicken, and after an interval of time, the length of which will 
depend on the circumstances above mentioned, the ball will become 
solid to its very centre, the last portion solidified being that part of 
the metal which is at and immediately around the centre. 

It is evident that the superficial stratum will first cease to be incan- 
descent; and in the same way each successive stratum proceeding 
from the surface to the centre will cease to be incandescent before 
the stratum within it. 

If in the process of cooling, and after the globe ceases to be red 
hot, it were cut through the centre, it would be found that the cen- 
tral parts would be still incandescent; and if its magnitude were 
sufficiently considerable, it would be found that even after the super- 
ficial stratum had been reduced to a moderate temperature, strata 
nearer the ceutre would be red hot, and the central part still fluid. 

1537. Cooling process WM/y be indefinitely protracted. — The in- 
terval which must elapse before the thermal equilibrium would be 
established, might be hours, days, weeks, months, years, or even a 
long succession of ages, according to the magnitude and physical 
qualities of the material composing the globe. 

1538. Example of the castings of the hydraulic press, which 
raised the Britannia Bridge. — The cylinder of the hydraulic press 
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by which the tabes of the Britannia bridge were elevated was formed 
of a mass of fluid iron weighing 22 tons. This enormous casting, 
after being left in the mould for three days and nights^ was still red 
hot at the surface. After standing to cool in the open air for ten 
days, it was still so hot that it could only be approached by men well 
inured to heat. 

1539. Example of streams of volcanic lava, — The torrents of 
liquid lava which flow from volcanoes become solid on their external 
surface only to a certain thickness. The lava in the interior of this 
shell still continues fluid. The stream of lava thus forms a vast tube, 
within which that portion of the lava still liquid flows for a long 
period of time. Months and even years sometimes elapse, before 
the thermal equilibrium of these volcanic masses is established. 

1540. Example of the earth itself — The globe of the earth itself 
presents* a stupendous example of the play of these principles. The 
vicissitudes of temperature incidental to the surface extend to an in- 
considerable depth. At the depth of an hundred feet in our climates, 
they are completely eflaced. At this depth, the themometer no 
longer varies with the seasons. In the rigour of winter, and the 
ardour of summer, it stands at the same point. This stratum, which 
is called the first stratum of invariable temperature, is found to be at 
Paris at the depth of 88*6 feet. The thermometer in the vaults 
under the Observatory at that depth has continued without variation 
at ll°-82 cent.=53®*50 Fahr. for nearly two centuries. 

1541. Temperature increases with the d^th, — ^At greater depths 
the temperature increases, but is always invariable for the same 
depth. An increase of temperature takes place in descending, at 
the rate of one degree for every 54i feet of depth. Thus the water 
which issues from the artesian wells at Grenelle near Paris, and 
which rises from a depth of 1800 feet, has a constant temperature 
of 27°.7 cent. =82° Fahr. 

It b apparent that the earth is a globe undergoing the gradual 
process of cooling, and that each stratum proceeding inwards towards 
the centre augments in temperature. It follows, therefore, that a 

?art at least of the superficial heat of the earth proceeds from within, 
t is certain, nevertheless, by taking into account all the conditions 
of the question, that the cooling goes on so slowly, as to have no 
sensible influence on the temperature at the surface, which is there- 
fore governed by the solar heat, and the heat of the medium or space 
in which our globe, in common with the other planets, moves. It 
has been computed that the quantity of central heat which reaches 
the sur&ce in a year would not suffice to dissolve a cake of ice a 
quarter of an inch thick. 

1542. The earth wasf&rmerly in a state of fusion, and it is stiU 
cooling, — The globe of the earth therefore manifesting the eflects of 
a mass which, having been at some antecedent period at an elevated 
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temperature, is undergoing the process of gradually cooling from the 
surface inwards, it is probable that its central parts may be still in a 
state of incandescence or fusion. 
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CHAP. X. 

RADIATION. 

1543. Seat radiates like light — Heat, like light, is propagated 
through space by radiation in straight lines, and its rays, like those 
of light, are subject to transmission, reflection, and absorption by 
such bodies as they encounter in various degrees. 

All that has been explained (Hand-Book of Optics, 896, et seq.') 
respecting fhe reflection of light from unpolished, perfectly and im- 
perfectly polished surfaces, its refraction by transparent media, its 
interference, inflexion, and polarization, may, with little modification, 
be applied to the rays of heat submitted to like conditions. 

1544. Thermal analysis of solar light — It has been already 
shown that solar light is a compound principle, consisting of rays 
differing one from another, not only in their luminous qualities of 
colour and brightness, but also in their thermal and chemical pro- 
perties (1076, et seq.). 

Let s s, fig, 449., represent a pencil of solar light transmitted 
through a prism A b o^ so as to be resolved into a divergent fan of 




Fig. 449. 

rays, and to form a spectrum as described in (1053) et seq. Let L 
and l' be the limits of the luminous spectrum. If the bulb of a 
thermometer be placed at l, it will not indicate any elevation of 
temperature; and if it be gradually moved downwards along the spec-, 
trum, it will not begin to be sensibly affected until it arrives at the 
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boundary of the violet and bine Bpaces, where it will show an in- 
creased temperature. As it is moved downwards from this point, 
the temperature will continue to increase until it is brought to the 
lower extremity il of the luminous spectrum. If it be then removed 
below this point, instead* of falling to the temperature of the medium 
around the spectrum, as might be expected, and as would in fact 
happen if no rays of heat transmitted through the prism passed 
below l', it will descend slowly and gradually, and will in some cases 
even show an increased temperature to a certain small distance 
below l'. In fine, it will be found that the thermometer will not 
&11 to the temperature of the surrounding medium until it arrives 
at a certain distance h' below l', the extremity of the luminous 
spectrum. 

1545. Thermal solar rays differently refrangible, -^Vrom this 
and other similar experiments, it is inferred that thermal rays which 
are not luminous, or at least not sensibly so, enter into the composi- 
tion of solar light, and that these rays are differently refrangible, 
their mean refrangibility being less thsui the mean refrai^ibility of 
the luminous rays. 

It has been explained (1077) that the chemical rays which enter 
into the composition of solar light are also differently refiranffible, 
and have a mean refrangibility greater than that of the lummoos 
rays. 

1546. Physical analysis of solar light — Three spectra, — Accord- 
ing to this view of the constitution of solar light, the prism a b o 
must be regarded as producing three spectra, a chemical spectrum 
c (/, a luminous spectrum l i/, and a thermal spectrum h h'. The 
luminous or chromatic spectrum, the only one visible, lies between, 
and is partly overlaid by, the other two, the chemical spectrum ex- 
tending a little above, and the thermal a little below it. If we 
imagine a screen mn placed before the prism, composed of a material 
pervious to the luminous, but impervious to the chemical and thermal 
rays, then the luminous spectrum ll' alone will remain, and neither 
a thermometer nor the chloride of silver, nor any other chemical 
substance, will be affected when exposed in it. If the screen m n. 
be pervious only to the thermal rays, then the luminous and chemical 
rays will be intercepted, and the thermal spectrum hh' alone will 
be manifested. The thermometer exposed in it will indicate the 
variations of caloric influence already explained, showing the greatest 
thermal intensity at or near that point at which the red extremity 
of the luminous spectrum would have been found, had the luminous 
rays not been intercepted. 

1547. Relative refrangihility of the constituents of solar light vary 
with the refrajding medium, — If prisms composed of different ma- 
terials be used, it will be found that the moan refran^bility of the 
thermal rays will vary according to the material of toe prism and 
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Iiea{; consequently, tbe position of the' point of greatest thermal in- 
tensity will be subject to a like variation. 

If a hollow prism be filled with water or alcohol, the point of 
greatest thermal intensity will be about the middle of the yellow 
space of the luminous spectcum. If a prism of sulphuric acid, or a 
solution of corrosive sublimate, be used, it will be in the orange space. 
With a crown glass prism it will be in the red space ; and with one 
of flint glass, a little below that space. 

1548. Invisible rays may he luminovs, and all rays may he 
thermal. — In the preceding explanation, the solar light is regarded as 
consisting of three distinct species of rays, the chemical, the lumi- 
nous, and the thermal. It is not necessary, however, for the expla- 
nation of these phenomena, to adopt this hypothesis. The light may 
be considered as consisting of rays which, differing in refrangibility, 
possess the other physical qualities also in different degrees. So far 
as the sensibility of thermometers enables us to detect the thermal 
property, it ceases to exist at a certain point, h, near th^ boundary 
of the blue and violet spaces ; but the diminution of thermal intens- 
ity, in approaching this point, as indicated by the thermometer, is 
very gradual ; and it cannot be denied, that a thermal influence may 
exist above that point, which is, nevertheless, too feeble to affect the 
thermoscopic tests which are used. In the same manner it may be 
maintained, that a chemical influence may exist below the point cfy 
but too feeble to affect any of the tests which have been applied to it. 

But it may be asked, if all the component rays possess all the pro- 
perties in different degrees, how happens it that the chemical rays 
above l, and the thermal rays below l', are not visible ? To this it 
may be answered, that the presence of the luminous quality is deter- 
mined by its effects on the eye ; and the discovery of its presence 
must therefore depend on the sensibility of that organ. To pronounce 
that there are no luminous rays beyond the limits of the chromatic 
spectrum, would be equivalent to declaring the sensibility of the eye 
to be unlimited. Now, it is notorious that the sensibility of sight, 
in different persons, is different ; and, even in the same individual, 
varies at different times. Circumstances render it highly probable 
that many inferior animals have a sensation of light, and a perception 
of visible objects, where the human eye has none^ and it is therefore 
consistent with analogy to admit the possibility, if not the probability, 
that the invisible thermal rays below l', and the invisible chemical 
rays above l, may be of the same nature as the other rays of the 
spectrum, all enjoying the luminous, thermal, and chemical properties 
in common, the apparent absence of these properties in the extreme 
rays being ascribable solely to the want of suflScient sensibility in the 
only tests of their presence which we possess. 

Fortunately, however, the deductions of physical science, though 
they may be facilitated by these and other hypotheses, are not de- 
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pendent on them, but on observed facts and pbenomena; and cannot; 
consequently, be shaken by the failure of such theories. 

1549. Refraction of invisible thermal rays. — If a hole be made 
in the screen upon which the prismatic spectrum is thrown, in the 
space l' h' below the red extremity of the spectrum upon which the 
invisible thermal rays fall, these rays will pass through it, and may 
be submitted to all the experiments on reflection, reaction, inflexion, 
interference, and polarization, which have been explained in relation 
to light. This has been done, and they have been found to manifest 
effects similar to those exhibited by luminous rays. 

1550. Heat radiated from each point on the surface of a hody. — 
It has been shown (902, et seq.) that when a body is either luminous, 
like the sun, or illuminated, like the moon, each point upon its sur- 
face is an independent centre of radiation or focus, from which rays 
of light diverge or radiate in all directions. It is the same with re- 
gard to heat. All bodies, whatever be their state or condition, con- 
tain more or less of this physical principle ; and rays of heat accord- 
ingly issue from every point upon their surface, as from a focus, and 
diverge or radiate in all directions through the surrounding space. 

1551. Why bodies are not therefore indefinitely cooled. — This 
being the case, it would follow that by such continual and unlimited 
radiation, bodies would gradually lose their heat, and indefinitely fall 
in temperature. It must be considered, however, that such radiation 
being universal, each body, while it thus radiates heat, receives upon 
its surface the rays of heat which proceed from other bodies around 
it. So many of these rays as it absorbs tend to increase its tempera- 
ture, and to replace the heat dispersed by its own radiation. There 
is thus between body and body a continual interchange of heat by 
radiation ; and according as this interchange is equal or unequal, the 
temperature of the radiating body will rise or fall. If it radiate 
more than it absorbs, it will fall ; if less, it will rise. If it absorb 
as much exactly as it radiates, its temperature will be maintained 
stationary. 

1552. Radiation is supei^ial or nearly so. — Radiation takes 
place altogether from points either on the surface or at a very small 
depth below it. The circumstances which affect it have been made 
manifest by a beautiful series of experiments made by the late Sir 
John Leslie. The principles on which his mode of experimenting 
was founded, are easily explained. 

1553. Reflection of heat. — Let a cubical canister of tin,^. 450., 
be placed in the axis of a parabolic metallic reflector M, in the focus 
/of which is placed the bulb of a sensitive difierential thermometer. 
If the canister be placed with one of its sides at right angles to the 
axis of the reflector, and be filled with boiling water, the thermometer 
will iqstantly show an increase of temperature caused by the heat 



11^ HBAT. 



A 





rudiated from the snr&ce of the canister, and collected into a focus 
upon the ball by the reflector. 

The experiment may be varied by 

filling the canister with liquids at 

all temperatures, with snow and 

^^^-^ ^,^. I with freezing mixtures having va* 

rious degrees of artificial cold. The 
surface of the canister may be va- 
ried in material by attaching to it 
different substances, such as paper, 
metallic foil, glass, porcelain, &c. It 
may be varied in texture by render- 
Fig. 450. . ing it rough or smooth, and in 

colour by any colouring matter. 
In this way the influence of all these physical conditions upon the 
radiation from the surface may be, and has been, ascertained. 

The results of such experimental researches have been briefly as 
follows : — 

1554. Rate of radiation proportional to excess of temperature of 
radiator above surrounding medium, — The rate at which the radiat- 
ing body loses or gains temperature, other things being the same, is 
proportional to the difference between its own temperature and that 
of the surrounding medium, where this difference is not of very ex- 
treme amount. 

1555. Intensity inversely as square of distance. — The intensity 
of the heat radiated is, like that of light, other things being the 
same, inversely as the square of the distance from the centre of 
radiation (907). 

1556. Influence of surf ace on radiating power, — The radiating 
power varies with the nature of the surface, and its degree of polish 
or roughness. 

In general, the more polished a surface is, the less will be its ra- 
diation. Whatever tarnishes or roughens the surface of metal in- 
creases its radiation. (See Appendix.) 

Metallic are in general less powerful ^ radiators than non-metallic 
surfaces. 

1557. Reflection of heat. — ^When the rays of heat encounter any 
surface, they are more or less reflected from it. Surfaces, therefore, 
in relation to heat, are perfect or imperfect, good or bad reflectors. 

In the experiments above described, the reflecting powers of diffe- 
rent surfaces were ascertained by constructing the concave reflector M 
of different materials, or by coating its surface variously, or, in fine, 
by submitting its surface to any desired physical conditions. Thus, 
when a reflector of glass is substituted for one of metal, the radiating 
surface of the canister remaining the same, it is found that the effect 
on the thermometer is diminished. Glass is therefore a less perfoct 
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reflector than metal. If the surface of the reflector be coated with 
ampblack, no effect whatever is produced on the thermometer. Such 
X surface does not, therefore, reflect the thermal rays. 

1558. Absorption of heat — ^To determine the physical conditions 
which affect the absorbing power of a surface, it is only necessary, 
in the experiment above described, to vary the surface of the ball 
/ of the thermometer, which is placed in the focus of the reflector, for, 
as the heat is radiated by c and reflected by M, it is absorbed by/. 

By coating the ball of the thermometer, therefore, with metallic 
foil, paper, lampblack, and other substances, and by rendering it in 
various degrees rough and smooth, the effects of these modifications 
on the thermometer are rendered manifest, and the comparative 
absorbing powers are ascertained. 

In this way it has been ascertained that the same physical condi- 
tioDS which increase the radiation and diminish the reflection, increase 
the absorption. The best radiators are the most powerful absorbers 
and the most imperfect reflectors. (See Appendix.) 

1559. Tabular statement of radiating and reflecting powers.—^ 
The relative radiating, absorbing, and reflecting powers of various 
surfaces have been submitted to a still more rigorous analysis by M. 
Melloni, whose researches were greatly favoured by the fine climate 
of Naples, where they were principally made. The results are given 
in the following table, in the first column of which the numbers 
express the radiating and absorbing powers, that of a surface covered 
with the smoke of a lamp being expressed by 100. The absorbing 
power of this surface is complete. The reflecting power is, as will 
be observed, the complement of the absorbing power. 

Table showing the absorbing and reflectiny Powers of variom 
Surfaces, according to the Experiments of Melloni. 
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Smoke-blackened surface 

Carbonate of lead 

Writing pai>er 

Glass 

China ink 

Gumlac 

Silver foil on glass 

Cast iron polished 

Mercury (nearly) 

Wrought iron polished 

Zinc polished 

Steel " 

Platinum, thick coat, imper- 
fectly polished 

" plate on copper.... 

" leaves 

Tin 



s * 

 o 

MtOk 

.5 to 
P 



100 
100 
98 
90 
86 
72 
27 
25 
23 
23 
19 
17 

24 
17 
17 
14 



w to 
,30 





2 

10 
16 
28 
73 
75 
77 
77 
81 
83 

76 
83 
83 
86 



Name*. 



Metallio mirrors a little tar- 
nished 

" nearly polished 

Brass cast, imperfectly po- 
lished 

" hammered 

** « highly polished 
" oast 

Copper coated on iron 

" Tarnished 

** hammered or cast 

Gk)ld plating 

Qold deposited on jralished 
steel 

Silver, hammered and well 
polished. 

Silver, cast, and well polished 



73 IP 

" o 
•5 to 



17 
14 

11 
9 

7 
7 
7 

14 
7 
6 

3 

3 
3 






83 
86 

89 
91 
93 
93 
93 
86 
93 
96 

97 

97 
97 
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1560. Singtdar anomafy in the reflection fr<mi metaUic varfiic^. 
— The numbers given in this table, which wUl be observed to differ 
considerably from those determined by Leslie and others, have been 
obtained by the recent elaborate experimental researches of MM. de 
la Provostaye and Desains. In these experiments an anomalous 
circumstance was observed on varying the angle of incidence of the 
thermal rays. It was found that, in the case of glass, the proportion 
of rays reflected increased with the angle of incidence, as happens 
with luminous rays, but that with polished metallic surfaces, the same 
proportion was reflected at all incidences up to 70^, and beyond this 
limit the proportion reflected, instead of increasing, as would have 
been expected, wai^ greatly diminished. (See Appendix.) 

1561. Thermal equilibrium maintained h/ the interchange of 
heat hy radiation and absorption, — From all that has been here 
explained it will be apparent that the state of thermal equilibrium 
is maintained among any system of bodies by a continual interchange 
of heat by radiation and absorption. The heat which each body 
receives from others in its presence, it partly absorbs and partly 
reflects. Those rays which it absorbs tend to raise its temperature ; 
and this temperature would soon rise above that which the thermal 
equilibrium requires, but that the body radiates heat from all points 
of its surface ; and the total quantity thus radiated is equal to the 
total quantity absorbed. If either of these quantities were perma- 
nently greater or less than the other, the temperature of the body 
would either indefinitely rise, or indefinitely fall; according as the 
heat absorbed or radiated might be in excess. 

If a body, at any given temperature, be placed among other bodies^ 
it will immediately affect them thermally, just as a candle brought 
into a room illuminates all bodies in its presence, with this difference, 
however, that if the candle be extinguished, no more light is diffused 
by it; but no body can be thermaUy extinguished. All bodies, 
however low be their temperature, contain heat, and therefore 
radiate it. 

1562. ErroTieous hypothesis of radiation of cold, — ^If a ball of ice 
be brought into the presence of a thermometer, the thermometer will 
fall ; and hence it was erroneously inferred that the ice emitted rays 
of cold. The effect, however, is otherwise explained. The ice and 
the ball of the thermometer both radiate heat, and each absorbs 
more or less of what the other radiates towards it. But the ice being 
at a lower temperature than the thermometer, radiates less than the 
thermometer, and therefore the thermometer absorbs less than the 
ice, and consequently falls. 

If the thermometer placed in presence of the ice had been at a 
lower temperature than the ice, it would, for like reasons, have risen. 
The ice in that ca^ would have warmed the ^lermometer. 
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1563. Trantmimon of heat. — When rays of heat are inddeiit oo 
the snrfaoee of .certain media, they penetrate them in greater or less 
quantitj, according to the natore and properties of the medium, joat 
&s rajs of light pass through bodies which are more or less transpa- 
Knt or diaphanous. 

Media which are perriona to heat are eud to be diathermanou*, 
and those which are impervious are called athermawmt. 

Bodies are diathermanooa in different degrees, or altogether sther- 
manous, according to their varioua physical characters, their thioh- 
ness, the state of their sniface, the nature of the heat which is 
incident apou theiUj and other conditions. 

1564. MeUoai't lhermo$copic apparatui. — Nearly all the know- 
ledge we poesesB in this branch of the physics of heat is the result of 
the recent researches of M. Melloni. The thermoscopio apparatus 
contrived and applied with ungular felicity and success by him, con- 
sisted of a tbcrmO'gHlvania pile acting upon a highly sensitive 
galTaaometei. It wiU be explained hereafter that if the thermal 
equilibrium be disturbed in certain metallic combinations, an electric 
current will be produced, the intensity of which will be proportional 
to the difference of temperature produced, and that the force of such 
ft current can be measured by the deviation it produces in a magnetic 
needle, round which it b conducted spirally upon a coil of melollio 

wire coated with a non-conduct- 
ing substance. 

The general form and ar- 
rangcmeat of this apparatus, 
and the manner of applying it 
to thermal lesearciics, are re- 
presented in fig». 451., 452., 
453., and 454. 

Upon the stand s is placed 
the source of heat which is sub- 
mitted to experiment. Those 
I which M. Melloni selected 
were a lamp L, with a concave 
reflector (; a spiral wire of 
platinum H,/j.452., rendered 
incandescent by the flame of a 
spirit-lamp ; a plate of cof^r 
I, Jig. 453., blackened with 
smoke, and raised to the tem- 
perature of 700° by a spirits 
lamp J and, in fine, a cubical 
Fig. 161. canbter K,j^.454., similar to 

those used by Leslie. 
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Fig. 452. 



Fig. 453. 




On the stand T was placed the body x^ through which the rays of 
heat were to be transmitted, and which was formed into a thin plate. 
An athermanous screen f was interposed, having in it an aperture to 
limit the pencil of rays transmitted to x. Another athermanous 
screen was placed at c, movable upon a joint by which the pencil pro- 
ceeding from the lamp could be intercepted or transmitted at pleasure. 

The thermo-voltaic pile was placed at p, having one end presented 
to the thermal pencil, and movable in a case fitting it, in which it 
was capable of sliding. Its poles p and n were connected by con- 
ducting wires with the galvanometer, the needle of which indicated 
by its deflection the intensity of the heat by which the pile 'p was 
affected. 

1565. Results of MellonVs researches. — The series of experiments 
made with this apparatus gave the remarkable, and in many respects 
unexpected, results which we shall now briefly state. 

The only substance found to be perfectly diathermanous was rock- 
salt. Plates of this crystal transmit nearly all the heat which enters 
them, no matter from what source. Of the incident rays 7*7 per 
cent, are reflected from both surfaces of the plate, and the whole of 
the remaining 92-3 per cent, are transmitted. There is no absorption. 

Bodies in genend are less athermanous the higher the tempera- 
ture of the radiator. 

1566. Transparent media not proportionally diathermanous. — 
Media are not diathermanous in proportion as they are transparent. 
On the contrary, certain media which are nearly opaque are highly 
diathermanous, while others which are highly transparent are nearly 
athermanous. Thus, black glass and plates of smoked quartz so 
opaque that the disk of the sun in the meridian is barely visible 
through them, are much more diathermanous than plates of alum, 
which are very transparent; and plates of quartz smoked to opacity 
are more diathermanous than when clean and transparent. In like 
manner, black glass is more diathermanous than colourless glass. 

1567. Decomposition of heat hy absorption. — ^The thermal pencil 
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is composed of rays^ some of which are absorbed^ and others trans- 
mitted by certain media. This effect is altogether analogous to that 
which is produced by coloured media on light. If a pencil of solar 
light be incident upon red glass, the red rays alone will be trans- 
mitted, those of the other colours being absorbed ; but if the red 
light transmitted through such a plate be received upon a second red 
plate, there will be no further absorption, at least so far as depends 
on the colour of the light. In like manner, when a thermal pencil 
enters certain diathermanous media, a part of its rays are intercepted, 
others being ' transmitted. If these last be received upon another 
plate of the same diathermanous substance, they will pass freely 
through it without further absorption. 

It is therefore inferred that such a medium decomposes by absorp- 
tion the thermal pencil, in the same manner as a coloured transparent 
medium decomposes by absorption a pencil of white light. This 
inference is confirmed by the fact that different partially diatherma- 
nous media absorb different constituents of the thermal pencil. Thus 
we may cause its entire absorption by causing it successively to pass 
through two media, each of which absorbs the rays transmissible by 
the other. 

This is also analogous to the effects of coloured transparent media 
upon luminous pencils. If a pencil of solar light be successively 
incident upon two plates, one of red and the other of the comple- 
mentary tint of bluish-green, it will be wholly absorbed, the second 
plate absorbing all the rays transmitted by the first. 

1568. Absorption not superficialy hut limited to a certain depth, 
— ^The partial absorption produced by such imperfectly diathermanous 
media is not effected at the surface. The rays are absorbed gradually 
as they pass through the medium. This, however, is not continual. 
All absorption ceases after they have passed through a certain thick- 
ness, and the rays transmitted by a plate of that thickness would, in 
passing through a second plate of the same substance, undergo no 
further absorption. 

Grlass and rock crystal are each partially diathermanous, the ther- 
mal rays transmitted and absorbed however being different. If a 
thermal pencil pass through a plate of glass of a certain thickness, 
a part of the rays composing it will be absorbed. K the rays trans- 
mitted be received on another similar plate of glass, they will be all 
or nearly all transmitted, no further absorption taking place. But 
if these rays thus transmitted by the glass be received upon a plate 
of rock crystal of suflficient thickness, a portion of them will be ab- 
sorbed. Now if the glass and the rock crystal had each the power 
of absorbing the rays transmitted by the other, their combination 
•would be absolutely athermanous, just as two plates of coloured glass 
would be opaque, if each transmitted only the colours complementary 
to those transmitted by the other. 

II. 12 
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1569. Physicai conditions <rf diaih^ni^^ appears from 

the researches of Melloni, that the physical oonditioiis which render 
bodies more or less diathermanoas have no connection with those 
wliieh affect their transparency. Water is one of the least diather^ 
manous substances; although its transparency is 00 nearly perfect 
If, therefore, it be desired to transmit light without heat^ or with 
greatly diminished heat, it is only necessary to let the rays pass 
Sirough water; by which they will be strained of a great part of their 
heat. 

If the quantity of radiant heat transmitted through ur be ex- 
pressed by 100, the following numbers will express the quantity 
transmitted through an equal thickness of the substances named below. 

Air 100 

Kocksalt (trftnsparent) 92 

Flint glass 67 

Bisulphuret of carbon 63 

Calcareous spar (transparent) ...... 62 

Rock crystal. 62 

Topasi brown. 67 

Crown glass 49 

Oil of turpentine 31 



Rape oil 30 

Tourmaline (green) 27 

Solphurio etlur. 21 

Gypsum 20 

Sulphuric acid 17 

Nitric acid 15 

Alcohol...., 15 

Alum crystals 12 

Water 11 



It appears, therefore, that of all solid bodies rocksalt is the most 
diathermanous, and alum the least so. Of all liquids, bisulphuret 
of carbon is the most, and water the least, diathermanous. 

It is evident from this table, that bodies are not diathermanous 
and transparent in the same degree. Boeksalt is less transparent but 
more diathermanous than glass. 

It has been found that the power of thermal rays to penetrate an 
imperfectly diathermanous body is augmented by raising the tempera- 
ture of the radiator. This is rendered very apparent in the case of 
glass, which is much more diathermanous to heat radiated by a body 
at a very high than by one at a moderate temperature. This may 
explain the fact that bodies in general are more diathermanous to 
solar light than to light proceeding from artificial sources. 
V It is found that beat radiated by bodies which are in a state of 
ignition or incandescence penetrate diathermanous media more freely 
than those radiated by bodies which are not luminous. This is in 
accordance with the general principle already stated, that thermal 
rays penetrate diathermanous bodies more easily the higher is the 
temperature of the radiator. (See Appendix.) 

Experiments on the thermal analysis of solar light were made by 
transmitting a pencil of solar light, either obtained directly or by re- 
fiection, through the aperture in the screen^ ^. 451. 

1570. Refracttorij reflection^ and polarization of heat — Experi- 
ments on the refraction, reflection, and polarization of heat were made, 
by placing on the stand T,^^. 451., prisms of various materials, re- 
flecting surfaces, polariscopes, or doubly refracting crystals. The 
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thennosoopic apparatus was in each case pkeed m snch a po6iti(m as 
to receive the deflected thermal pencil. 

In this manner pencils of heat proceeding from varioas sources were 
^ submitted to the same effects of refraction, reflection^ and polarization as 
' have been already described in Book IX. with respect to light, and 
analogous results were obtained ; the thermal rays being subject to 
the same general laws o£ reflection and refraction aa prevail in rela- 
tion to luminous rays. 

1571. Application of these principles to explain various phenomena, 
— The general principles regulating the radiation, absorption, reflec- 
tion, and transQiission of heat, which have been here stated, serve to 
explain and illustrate various experimental facts uid natural pheno- 
mena, as will appear from what follows : — 

If two concave parabolic reflectors be placed as described in (Hand- 
book of Optics, 946), any radiator of heat placed in the focus of 
either will produce a corresponding effect upon a thermometer placed 
in the focus of the other, the rays of heat issuing from the radiating 
body being twice reflected and collected into the fgcus of the second 
reflector, upon the principle explained in (946). 

1572. Experiment ofradiaied and reflected heat vrithpair o/pc^ 
raboUc reflectors. — Let R and B,',flg, 454., be two such reflectors. If 
lighted charcoal be placed in the focus F of one, it will ignite amadou 
or any other easily inflammable substance in the other, even thon^ 
the distance between the reflectors be twenty or thirty feet. 

If a sensitive thermometer, such as the differential thermometer 
(1349), be placed at f\ it will show «Ui increase or diminution of 




A^^. 



Fig. 454. 

temperature, according as a hot or cold body is placed at f. If a 
small globe filled with hot water be placed there, an increase will be 
indicated ; and if the globe be filled with snow or with a freezing 
mixture, a decrease will be manifested. 

1573. Materials fitted for vessels to keep liquids warm, — ^Vessels 
intended to hold liquids at a higher temperature than that of the 
surrounding medium^ should be constructed of materials which axe 
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bad radiators. Thus tea-nms, tea-pots, &c., are best adapted for their 
purpose when made of polished metal, and worst when of black por- 
celain. A tea-kettle keeps water hotter more effectually if clean and 
polished, than if covered with the black of soot and smoke. Polished, 
fire-irons remain longer before a hot fire without being heated than 
rough unpolished ones. 

1574. Advantdge of an unpolished stove, — A polished stove is a 
bad radiator; one with a rough and blackened surface a good radiator. 
The- latter iB therefore better adapted for warming an apartment than 
the former. 

1575. Helmets and cuirasses should he polished. — The helmet and 
cuirass worn by cavalry is a cooler dress than might be imagined, 
the polished metal being nearly a perfect reflector of heat, and throw- 
ing off the solar rays. 

1576. Deposition of moisture on window panes, — ^When the ex- 
ternal air, which generally happens, is at a lower temperature than 
the air included in the room, it will be observed that a deposition of 
moisture will be formed upon the inner surface of the panes of glass 
in the windows. This is produced by the vapour suspended in the 
atmosphere of the room being condensed by the cold surface of the 
glass. If the external air in this case be at a temperature below 32^, 
the deposition on the inner surface of the glass will be congealed, 
and a rough coating of ice will be exhibited upon it. 

Let two small pieces of tinfoil be fixed, one upon a part of the ex- 
ternal surface of one of the panes, and the other upon the internal 
surface of another pane, in the evening ; it will be found in the morn- 
ing that that part of the internal surface of the pane upon which is 
placed the external foil will be nearly free from ice, while the surface 
of the internal foil will be more thickly covered with ice than the 
parts of the inner surface of the glass which are not covered with 
foil : these effects are easily explained by radiation. When the tin- 
foil is placed on the external surface, it reflects the heat which strikes 
on that surface, and protects that part of the surface which is covered 
from its action. The heat radiated from the objects in the room 
striking on the inner surface of the glass penetrates it, and encounter- 
ing the foil attached to the exterior surface, is reflected by it through 
the glass, and its escape into the external atmosphere is intercepted ; 
the portion of glass, therefore, opposite to the tinfoil, is subject to the 
action of the heat radiated from the chamber, but protected from the 
action of the external heat. The temperature of that part of the 
glass is therefore less depressed by the external atmosphere than the 
temperature of those parts which are not covered by tinfoil. Now 
glass being a bad conductor of heat, the temperature of that part 
opposite to the external foil does not immediately affect the remainder 
of the pane, and consequently we find that, while the remainder of 
the interior surface of the pane is thickly covered with ice, the por- 
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tion of it opposite the tinfoil is comparatively free from it. On the 
contrary, when the tinfoil is applied on the internal sur&ce, it reflects 
perfectly the heat radiated from the objects in the room, while it ad- 
mits through the dimensions of the glass the heat proceeding from 
the external atmosphere. The portion of the glass, therefore, covered 
by the tinfoil, becomes colder than any other part of the pane, and 
the tinfoil itself partakes of this temperature, which is not raised by 
the effect of the radiation of objects in the room, because the tinfoil 
itself is a good reflector and a bad absorber. Hence the tinfoil pre- 
sents a colder surface to the atmosphere in the room, than any other 
part of the surface of the pane, and consequently receives a more 
abundant deposition of ice. 

1577. Principles which explain the pihenomena of dew and hoar 
frost — A clear unclouded sky in the absence of the sun radiates 
but little heat towards the earth ; consequently, if good radiators be 
exposed to such an aspect, they must suffer a Ml of temperature, 
since they lose more by radiation than they receive. 

Let a glass cup, for example, be placed in a silver basin, and ex- 
posed during a cold night to a clear sky ; it will be found in the 
morning that a copious deposition of moisture will have been made 
on the glass, from which the silver vessel is perfectly free. Revers- 
ing the experiment, let a silver cup be placed in a glass basin, and 
similar results will ensue, the basin being perfectly covered with 
moisture, from which the cup is free. This is easily explained : the 
metal, being a bad radiator of heat, preserves its temperature ; the 
glass, being a good radiator of heat, loses by radiation much more 
than it receives, and, consequently, its temperature falls, and it con- 
denses the vapour in the air around it. 

The result of experiments of this kind supplied Dr. Wells with 
his celebrated theory, by which he explained the phenomenon of 
dew. 

According to what has been explained, it appears that the objects 
which are good radiators, exposed to a clear sky at night, will become 
colder than the surrounding atmosphere, and will consequently con- 
dense the water suspended in the air around them ; while objects 
which are bad radiators will not do this. Grass, foliage, and other 
products of vegetation are in general good radiators. The vegeta- 
tion, therefore, which covers the surface of the ground in an open 
country on a clear night will receive a deposition of moisture from 
the atmosphere; while the objects which are less perfect radiators, 
such as earth, stones, &c., do not in general receive such depositions. 
In the close and sheltered streets of cities, the deposition of dew is 
rarely observed, because there the objects are exposed to reciprocal 
radiation, and an interchange of heat takes place which maintains 
their temperature. 

The effect of the radiation of foliage is strikingly manifested by 

12* 
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tlie foIlowiDg example. Of two thenhometers, one laid among 
leaves and grass, and the other suspended at some height above 
them, the latter will be observed to fall at night many degrees 
below the former. 

1578. Dew not deposited under a clouded zhy, — In a cloudy 
^night, dew is not deposited, because in this case, although vegetation 

radiates as perfectly as before, the clouds also radiate, and an inter- 
change of heat takes place between them and the surface of the 
earth, by which the fall of temperature producing dew is prevented. 

1579. Production of artificial ice hy radiation in hot climates. — 
Artificial ice is sometimes produced in hot climates by the following 
process. A position is selected, not exposed to the radiation of sur- 
rounding objects, and a quantity of dry straw is spread on the 
ground, on which pans of porous earthenware are disposed in which 
the water to be cooled is placed. The water radiates heat to the 
firmament, and receives no heat in return. The straw upon which 
the vessels are placed, being a bad conductor, intercepts the heat, 
which would otherwise be imparted to the water in the vessels from 
the earth. The porous nature of the pans also allowing a portion 
of the water to penetrate them, produces a rapid evaporation, by 
which a considerable quantity of the heat of the water is carried off 
in a latent state by the vapour. Heat is thus dismissed at once by 
evaporation and radiation, and the temperature of the water in the 
pans is diminished until it attains the freezing point. In the morn- 
ing the water is found frozen, and is collected and placed in cellars 
surrounded with straw or other bad conductor, which prevents its 
liquefaction. 



CHAP. XI. 

COMBUSTION. 

1 580. Heat developed or absorbed in chemical combination. — ^It has 
been already explained, that when two substances enter into chemical 
combination, so as to form a new compound, heat is generally either 
developed or absorbed, so that although the components before their 
union have the same temperature, the temperature of the compound 
which results will be generally above or below this common temper- 
ature, and sometimes considerably so. 

1581. This effect explained by specific heat of compound being 
less or greater than that of components. — If no change in the state 
of aggregation of the constituents is produced by their union, this 
phenomenon is explained by the specific heat of the compound being 
less or greater than that of the components, according as the temper- 
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ature of the compound is greater or less than that of the components. 
If greater, it is because, the specific heat being less, the actual quan- 
tity of heat contained in the compound gives it a higher temperar 
ture ; if less, because it gives it a lower temperature. 

1582. Or hy heat being developed or absorbed by change of state, 
— ^If the state of aggregation of either or both of the components be 
changed, heat which was latent becomes sensible, and raises the tem- 
perature of the compound; or heat which was sensible becomes 
latent, and lowers it. Thus when a solid mixed with a liquid is dis- 
solved in it, the solid in liquefying absorbs and renders latent the 
same quantity of heat which would have been necessary to melt it. 
This heat being abstracted from the sensible heat of the compound 
lowers the temperature. This phenomenon has been already noticed 
in the case of freezing mixtures. (See Appendix.) 

1583. Combustion, — But of all the cases in which heat is deve- 
loped by chemical combination, the most important are those in 
which combustion is produced. 

When the quantity of heat suddenly developed by the chemical 
combination of two bodies renders the compound luminous, the 
bodies are said to burn, and the phenomenon is called combustion. 
If the product of the combination be solid it is called fire; if 
gaseous, flame, 

1584. Flame. — ^Flame, therefore, is gas rendered white hot by the 
excessive heat developed in the combination which produces it. 

1585. Agem/yy of oxygen, — It happens that, among the infinite 
variety of substances whose combination is productive of this class 
of phenomena, one of the two combining bodies is almost invariably 
oxygen gas. A few other substances, such as chlorine, bromine, and 
iodine, produce similar efiects ; but in all ordinary cases of combus- 
tion, and universally where that effect is resorted to as a source of 
artificial heat, one of the combining substances is oxygen gas. 

On this account this gas has been called a supporter of combustion, 

1586. Combustibles, — The substances which combining with it 
produce the phenomenon of combustion are called combustibles, 

1587. Combustion explained. — One of the circumstances which 
render combustion so ordinary a phenomenon, is the fact that the 
oxygen which forms one of the constituents of the atmosphere is 
either mechanically mixed in it, or, if chemically united, is held in 
combination by the weakest possible aflSnity. It therefore floats in 
the air in a stat« of almost complete freedom, ready to combine with 
any body for which it has the least aflSnity. When the temperature 
of a combustible, therefore, is so elevated as to weaken sufficiently 
its cohesion, its molecules enter into combination with the oxygen 
of the air, and heat and light, and all the effects of combustion, are 
manifested. 

1588. Temperature necessary to produce combustion, — The tem- 
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perature necessary to prodace this combinatioii is different for diffe- 
reDt substances; phosphorus combines with oxygen, and bums in 
the atmosphere if raised to 148°. Hydrogen gas will not bum till 
raised to incandescence. According to Sir H. Dayy, the tempera- 
tures necessary to the combustion of the seyeral combustibles here 
named are in the following order : — 



1. Phosphorns. 

2. Phospburetted hydrogen. 

3. Hydrogen and chlorine. 

4. Sulphur. 

5. Hydrogen and oxygen. 

6. defiant gas. 



7. Snlphnretted hydrogen. 

8. Alcohol. 

9. Wax. 

10. Carbonic oxide. 

11. Garbnretted hydrogen. 



The heat developed in the process of combustion is itself the 
means of sustaining and rendering continuous the combustion. If 
any source of heat of sufficient intensity be applied to the wick of a 
candle^ the matter of the wick will combine with the oxygen of the 
air and will bum. The heat evolved in this combustion will dissolve 
the wax or tallow, which ascending through the meshes of the wick 
is converted into vapour, and being thus raised to the necessary tem- 
perature, enters into combustion ; and so the process is continued so 
long as a supply of tallow or wax is conveyed to the wick. 

1689. LigTu ofjiame only superficial, — ^It is evident the light of 
the flame is only superficial, that part alone being in combustion 
which is in contact with the air. The flame of a candle or lamp is 
therefore, so far as regards light, hollow. It is a column of gas with 
a luminous surface. As the gas within the surface rises, it gets into 
contact with the air and becomes luminous, and this continues until 
the column is brought to a point. Thus the flame of a candle or 
lamp gradually tapers until all the combustible vapour proceeding 
from the oil, wax, or tallow receives its due complement of oxygen 
from the air and passes off. It speedily loses that high temperature 
which renders it luminous, and the flame terminates. 

1590. Illuminating power of combustibles, — The light afforded 
by lamps or candles formed of different substances has different 
illuminating powers, according to the constituents of these substances 
and the heat developed in their combustion. 

The light, however, is not proportional to the heat. Hydrogen 
gas which devclopes in its combustion a very intense heat, produces 
but a feeble light. 

1591. Constittbents of combustibles used for illumination, — The 
chief constituents of the combustibles which are used for the purposes 
of illumination are carbon and hydrogen, and the whiteness of the 
flame is determined in a great degree by the proportion of carbon. 

The combination in this case produces carbonic acid and water, 
carbon combining with the oxygen to produce the former, and the 
hydrogen to produce the latter. 
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1592. Sp(yngy platinum rendered incandescent hy hydrogen, — If 
a jet of hydrogen gas 'be directed upon a small mass of spongy 
platinum, the metal will become incandescent, and will continue so 
as long as the gas acts upon it, without, however, suffering any per- 
manent change. 

An apparatus for producing an instantaneous light has been con- 
ttrived on this principle. By turning a stop-cock communicating 
with a small bottle in which the gas is generated in the usual way, 
the jet of gas is thrown upon a small cup containing the spongy 
metal, which immediately becoming incandescent, is capable of 
lighting a match. 

Some other metals, palladium, iridium, and rhodium, are suscepti- 
ble of the same effect. 

This effect has not been yet explained in a clear or satisfactory man- 
ner. See Turner's Chemistry, by Liebig and Gregory, 8th edit. p. 542. 

1593. Qwintity of heat developed by combustibles. — The deter- 
mination of the quantity of heat evolved by different combustibles, 
Is a question not only of great scientific interest, but of considerable 
importance in the arts and manufactures. The mutual relation be- 
tween the quantities of the combustible, the oxygen, and the heat 
developed, if accurately ascertained, could not fail to throw light, 
not only on the theory of combustion, but on the physics of heat in 
general. In the arts and manufactures, the due selection of com* 
bustible matter depends in a great degree upon the quantity of heat 
developed by a given weight in the process of combustion. 

Nevertheless, there is no part of experimental physics in which 
less real progress has been made, and in which the process of investi- 
gation is attended with greater difficulties. Experiments were made 
on certain combustibles by Lavoisier and Laplace, by burning them 
in their calorimeter, and observing the quantity of ice dissolved by 
the heat which they evolved. Drs. Dalton and Crawford, Count 
Rumford and Despretz, as well as Sir H. Davy, maide various experi- 
ments with a like object. -It was not, however, until the subject 
was taken up by Dulong that any considerable progress in discovery 
was made. Unhappily, that eminent experimental inquirer died 
before his researches were completed. Much valuable information 
has been collected from his unfinished memoranda. The inquiry 
has since been resumed by MM. Favre and Silbermann, and has been 
prosecuted with much zeal and success. The estimates which they 
have obtained of the quantities of heat developed in the combustion 
of various substances, are found to be in general accordance with 
those which appear to have been obtained by Dulong, in the cases 
where they have operated on the same combustible. Thus, in the 
case of hydrogen, the most important of the substances unjer 
inquiry, Dulong found the heat developed to be expressed by 34601, 
while MM. Favre and Silbermann estimated it at 34462, with rela- 
tion to the same thermal unit. - 
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1594. Taibie of the quantUies of heat evolved in the eomhuiHon 
of various bodies. — ^In the following table is given the heat developed 
in the oombustions of the substanoes aamed.in the first oolumn ; the 
thermal unit being the heat necessary to raise a weight of water equal 
to that of the combustible one degree of the scale of Fahrenb^'s 
thermometer. (See Appendix.) 
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Hydxogen, at 60°. 

Carbon, from C to 00*. 

« from sugar, from to GO*... 

*< from gas retorts 

Ox^[>taHe, natural, No. 1 , 

** from high fnmaoes, No. 1. . 

« natural, No. 2 

Diamond 

Graphite, from high fiimaoes, No. 2.. 

Diamond heated 

Oarbonio oxide, toOO^...^....^.... 

Gas, marsh , 

** olefiant 

Amylene , 
Paramylene. 
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Geiene. .«....., 

Metamyline 

Ether, sulphuriOv. 

** Taleric 

Spirit of wood 

iJoohol, wine 

** Talerio.... 

« eihalio... 
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Acetone 

Aldhyde, ethalio 

** stearic. 

Formlate of methylene < 
Aoetote « «< 

Formiate of akobol 

Ether, aoetio 

Butyrate of methylene....... 

Ether, hu^ric..... 

Valeriate of methylene 

« « alcohol « 

Acetate of alcohol, ralerio „ 

Ether, Taleramillo 

A<ad, formic 

aoetio 

butjrric.M. 

ralerio 

ethalio 

stearic 

phrenic 

Terebene 

Essence of turpentine 

" citron 

Sulphur, natiye or melted .-. 

" at instant of crystallisation.... 

Sulphuret of carbon 

Carbon burnt with peroxide of asote at 50° 

Decomposition of peroxide of azote 

*^ ^ water oxygenated, 1 gr. oxygen . 
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Decomposition of oxide of silyer absorbs 

Iceland spar for 00* and C to 0, absorbs 

Aragonite combined gives 

** separated absorbs 

** separated aAer combination absorbs. 
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C»H« 
C*H* 

0"H" 

C«]H" 

C*»H« 

HO*+0»H« 

H0*+0«» H*» 

HO»+C» H» 

H0»+0* H« 

HO«+C*'> H» 

HO»+C" H*» 

C»H«+0» 

C»H»0» 

098 HMO* 

C*H*CH 

€"H«0* 

C"H«0* 

C»H»0* 

C» H«o O* 

C*» H*« 0* 

C»« H»« 0* 

0" H" 0* 

0»H«»0* 

C**H* 0* 

0*+C»H* 

0*+C*H* 

0*+C«H« 

0*+C»» H" 

0*+C»H» 

0*+CMH" 

C"H»0" 

C»HM 

C«»H*« 



QnaatitT of Heat 

pivan hf V> of 

Combust ioB. 



02,031-6 

14,644*7 

14,471-6 

14,485-1 

14,060^ 

14^013-5 

14,006-7 

13,M6-2 

13,020-8 

14»181-7 

4,324*0 

23,513-4 

21,344-0 

20,683-8 

20,346-3 

20,278-8 

10,941-3 

10,671-3 

16,248-6 

18,338-4 

0,642-7 

12,931-2 

16,125-5 

10,132-6 

13,1400 

18,6160 

18,802-8 

7,555-3 

0,616*6 

0,602-2 

11,326-0 

12,237-8 

12,763-6 

13,276-1 

14,102-8 

14,348-2 

l6,378-5 

8,600-0 

6,300-4 

10,121-4 

11,500-2 

16,056-0 

17,676-0 

14,116-1 

10,103-4 

10,533-6 

10,726-2 

3,008-0 

4,066-1 

6,1200 

20,084-2 

10,062-0 

21,345-4 

— 80-8 
-454-6 
+ 680 
—554-6 
-.486-6 
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CHAP. XII. 
ANIMAL HEAT. 

1595. Temperature of organized hodies not in equilibrium with 
murrowndvihg «ic(i^M*w».— Orgattized bodies in general present a striking 
exception to the law of equalization of temperature, since, with some 
rare exceptions, these bodies are never at the temperature of the 
medium which surrounds them. The human body, as is well Icnowny 
has a permanent and invariable temperature much more elevated 
than that of the atmosphere. The animals of the polar regions are 
much warmer than the ice upon which they rest, and those which 
inhabit tropical climates colder in general than the air they respire. 
The temperatures of the bodies of birds is not that of the atmo- 
sphere, nor of fishes that of the sea. 

There is therefore, in organized bodies, some proper source of heat, 
or rather some provision by which heat and cold can be produced at 
need; for the ponderable matter which composes the bodies of these 
creatures must, like all ponderable matter, be subject to the general 
law of equilibrium of temperature. It is therefore necessary to 
ascertain what is the temperature of organized creatures ; what are 
the quantities of heat which they evolve in a given time to maintain 
this temperature; and what is the physical apparatus by which that 
heat is elaborated. 

1596. Temperature of the hhod in the human species. — The tem- 
perature of the blood in the human species is found to be the same 
throughout the whole extent of the body, and is that which is indi- 
cated by a thermometer, whose bulb is placed under the tongue and 
held there until the mercurial column becomes stationary. This 
temperature is 98^*6, subject to extremely small variations, depending 
on health, lige, and climate. 

1597. Researches of Davy to determine the temperature of the 
hhod. — Dr. John Davy, Inspector of Army Hospitals, availed him- 
self of the opportunities presented by his professional appointment, 
and of a voyage made by him to the East, to make an extensive and 
valuable series of observations on the temperature of the blood in 
man, in different climates, at different ages, and among difiSerent 
races, as well as upon the inferior animals. These observations were 
made between 1816 and 1820. 

The first series of observations were made during a voyage from 
England to Ceylon, and, therefore, under exposure to very various 
climates and temperatures. The temperature of the blood was ob- 
served by means of a^nsitive thermometer applied under the tongue 
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Bear its root, with every precaution necessiiry to ensure accuracy. 
The principal results obtained are collected and arranged in the 
following tables : — 

Table I. 

1598. Showing the Temperatures of the Bhod of 13 IndividuaU 

in different Climates, 



Age. 


Air, flOO. 


Air, 780. 


Air, 79-500. 


Air, 80°. 


24 


98-5 


99 


100 


99-5 


28 


.~ 


99-5 


99-5 . 


99-5 


25 


98-25 


98-75 


98-5 


99-75 


17 


— 


99 


99 • 


100 


25 


98 


99 


99 


99*5 


20 


98-75 


98 


99*5 


100 


28 


98-25 


98-75 


99 


99-5 


25 


98 


— 


^ 


101 


40 


— 


— 


_ 


99-75 


43 


— 


— 


_ 


99 


40 


~- 


_ 




99-5 


13 


_ 


— . 




100 


4 


— 


— 




99-5 



Table II. 

Showing the Temperatures of the Blood of 6 Indimduah in 

different Climates, 



Age. 


Air, 69°. 


Air, 83°. 


Air, 820. 


Air, MO. 


85 


98 


99 


102 


98-5 


20 


98 


99 


101 


98 


40 


99 


99 


98-5 


98 


85 


98 


99-75 


99 


98 


20 


98 


99-5 


99 


— . 


24 


98 


99-5 


100 


— 



Table III. 

Shovdng the Temperatures of the Blood in the same Individual 

at different Hours of the Day. 



Hoar. 


Air 


Blood. 


Seniation. 


6 a.m. 


60-6 


98 


Cool. 


9 


66 


97-5 


Cold. 


iP. U. 


78 


98-5 


Cool. 


4 


79 


98-5 


"Warm. 


6 


71 


99 


Waxm. 


11 


69 


98 


Cool. 



Table IV. 

Showing the Limits between which the Temperature of the Blood 
in different Rabies was observed to vary in India. Air, 75^ to 81°. 



Races. 


Temperature. 


Races. 


Temperature. 


Cape Hottentots 


96-5 to 99-5 

100 101-5 

101 101-76 

100 102 

101 102 
97-5 99 


Vaidas 

African Negroes 

Malays 


98 to 98-5 
98-5 99-5 
98-5 99-5 
98 100 
98 101 


SinflTftlese 


Albinoes 

Half caste 


Sepoys .'. 


White Children... 


Enirlish 


Ksndians 
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Tabls V. 

Showing the Temperature of the Bhod observed in differmi Speciei 

of Animals. 



Name. 



Mammalia, 

Monkey <., 

Pangolin 

Bat « 

Yamp7t«w 

Sqnirrel 

Rat 

GuinfMhpig 

Hare 

Ichneumon , 

Jungle oat. 

Cor d(^ 

Jackal 

Cat 

M 

Felix pazdoB 

Hone 

Sbeep 

(( 

(( 

aoat.!!!r////.!'."!!!!!!V//.V.V.VJJ^V^'"^^^^^^^ 

Ox 

It 

BikZ!!Z*iii"*iizii!!Zj;;!!Zjj;z" 
Hog ^ 

Elephant 

PoipoiM 

Birdt. 

FalooB » 

Screech-owl 

Jackdaw 

Thrush ^ m. 4. 

Sparrow 

Pigeon 

M 

Jungle fowl A 

M 

Ootamonfiiw] .*, 

tt 

tt 

Guinea fowl 

Turkey * 

Prooellaria equinoxiallB 

« caiMUflifl 

Oontmonhen 

« ooek «. 

Chicken 

Malay oock 

GK)08e 

Duck 

Teal 

Snipe tM 

Plover 

Peacock 

Jmphibia. ' 

Testudomydaa 

« tt ^ ^ ^^^ 

tt tt "'.i|]]|]*,"*]ji**][*|*]|][||" 

** geometrica 

Bana rentrlcosa m....4.«.... 

n. 



Sep 

80 
82 
70 
81 
80 

^ 
81 
80 

84 
00 
70 
81 
80 

07 
78 
78 
Summer. 
80 
78 
75 
80 
80 
72 



77-6 

00 

86 

60 

80 

60 

78 

78 

88 

40 

78 



70 
59 
77 
77 

77 



83 
88 



79'6 

80 

86 

61 

80 

80 

13 



Tcnaperatnra. 



^2i^ 

00 
100 
100 
102 
102 
102 
100 
103 

00 
108 
101 
101 
102 
102 

09*5 

101 to 104 
103 to 104 
10#tol05 
103 to 104 
100 
102 
108 
105 
105 

00-5 
100 



106 
lOT 
109 
108 
108 
100^5 
107*5 
108*5 
106-5 
110 
108 
110 
100 

103*5 to 105*5 
105-5 
110 
111 
HI 
110 

106 to 107 
110—111 
108—1093^ 
98 
105 
105—108 



84 

88-5 

85 

62-5 

87 

77 



nace of ObMrratitiB. 



Colombo. 



Colombo. 



Kandy. 

Colombo^ 

London. 

Kandy. 

Colombo. 

Kandy. 

Soottend. 

Cape. 

Colombo. 

Colombo. 

Edinburgh. 

Kandy. 

Mount Lavinia. 

Doombera. 

Mount Lavinia. 

Colombo. 

Lat.N.8<'28'at 



CblombOk 

London. 

Kandia. 

London. 

Kandia. 

London. 

Mount LavinJA. 

Ceylon. 

Sdtnbuxigh* 
Mount l^Tinia. 



L«t2P9'. 
L«tS.84orat 
Mount LaT&iia. 



Colombo. 

Ceylon. 

Komegalle. 



Lat N. 20 V 

Colombo. 
Cape. 
Colombo. 
Kaadj. 
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Name. 



Common frog. 

Igttana 

Serpents 



<( 



IWia. 



Shark.. 

Benito 

Trout.. 



u 



Bel 

Flying-fish. 



JMUuea, 



Air. 



Oyster. 
Snail... 



Crustacea. 



Crayfish 
Crab 






Insects. 

Soarahiens pilularias.. 

Glow-worm 

Biatta orient^Us 

Oryllus hoematopus ? . 
Apis ichnenmonia? .... 
Papillio agamemnon... 

Scorpio afer 

JuluB 



60 

82 

81> 

821 



78 
66 
66 
61 
77 



82 
7^ 



80 

72 



76 
73 
83 
62 
75 
78 
79 
80 



Temperatare. 




77 

82* 

68 

68 

61 

78 



82 
76to74^ 



79 
72 



77 
74 
74—76 

If 

80 

77}< 

785 



Place of Obeerration. 



Edinbargb. 
Colombo. 



Lat. S. 80 2Sr. 
Lat. S. 1° 14^. 
Edinbuxgh. 
L. Katrine. 
Chatham. 
Lat N. 6° 67'. 



Mount Lavinia. 
Kandy. 

Colombo. 
Kandy. 

Kan^. 



Gape. 
Kandy. 



1599. Deductions from these observations.— rThe conclusions de- 
duced from these observations and experiments are^ that the temper- 
ature of man^ although nearly constant, is not exactly so ; that it is 
slightly augmented with the increased temperature of the climate to 
which the individual is exposed ; that the temperature of the inha- 
bitants of a warm climate is higher than those of a mild ; and that the 
temperature of the different races of mankind is, cmteris parihusj 
nearly the same. This is the more remarkable, inasmuch as among 
those whose temperatures thus agree, there is scarcely. any condition 
in common except the air they breathe. Some, such as the Yaida, 
live almost exclusively on animal food ; others, as the priests of 
Boodho, exclusively on vegetables : and others, as Europeans and 
Africans, on both. 

1600. Birds have the highest, and amphibia the lowest tem/pera^ 
ture. — Of all animals birds have the highest temperature ; mam- 
malia come next; then amphibia, fishes, and certain insects. 
Mollusca, Crustacea, and worms stand lowest in the scale of temper- 
ature. 

1601. Experiments of Breschet and Becquerel. — Experiments 
were made by MM. Breschet and Becquerel to. ascertain the varia- 
tion of the temperature of the human body in a state of health and 
sickness. They employed for this purpose compound thermoscopio 



* This was the temperature of the heart, which lies near the surface, 
the deeply-seated muscles the temperature was 99° 
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needles^ composed of two different metals^ which being exposed to a 
change of temperature, indicated with great sensitiveness the sensible 
heat by which they were affected, by means of a galvanometer on a 
principle similar to the electroscopic apparatus used by M. Melloni^ 
already described, (1564.) The needles were adapted for use by the 
method of acupuncture. 

1602. Comparative temperature of blood in health and gickness. 
— ^It was found that in a state of fever, the general temperature of 
the body sometimes rose from l°-8 to 3° -6. 

It was also ascertained in several cases of local ohronio and acci- 
dental inflammation, that the temperature of the inflamed part was a 
little higher than the general temperature of the body, the excess 
however never amounting to more than from 1^*8 to 3°*6. 

1603. Other experiment hy Breschet and Becquerel. — ^It resulted 
from these researches that, in the dog, the arterial blood exceeds in 
temperature the venous by about 1^*8. It was also found that the 
temperature of the bodies of the inhabitants of the valley of the 
Khone, and those of the Great St. Bernard^ both men and inferior 
animals, were the same. 

1604. Experiments to ascertain the raie o/ development o/ animal 
heat, — ^A series of experiments was made by Lavoisier and Laplaoe 
to determine, by means of their calorimeter already described, the 
quantity of heat developed in a given time by various animals; but 
more recently much more extensive researches in this department 
were made by Dulong, which have produced important results. In 
these experiments the animal under examination was shut up in a 
copper cage sufficiently capacious to be left at ease, and being sub- 
merged in a glass vessel of water, the air necessary for respiration 
was supplied and measured by a gasometer, while the products of 
respiration were carried away through the water^ to which they im- 
parted their heat, and were afterwards collected and analyzed. Each 
experiment was continued for two hours. After the proper correc- 
tions had been applied, the heat developed by the animal was calcu- 
lated by the heat imparted to the water. 

I^ulong determined these thermal quantities with great precision 
for numerous animals of different species, young and adult, carnivo- 
rous and frugivorous. The animals during the experiment being 
subject neither to inconvenience nor fatigue, it might be assumed 
the heat they lost was equal to that which they reproduced. On 
analyzing the products of respiration it was found that they were 
changed as air is which has undergone combustion. The oxygen of 
the atmospheric air which was introduced into the cage was in fact 
combined with carbon and formed carbonic acid. So far, therefore, 
as concerned this pointy a real combustion may be considered as 
having taken place in the lungs. Thus much was inferred in 



general as to tbe ^nroe of animal heat from tibe diBCOveries of 
LaToiner. (See Appendix.) 

1605. Tbtal quantity of heat eoqplained by chemical laws vn^iout 
any etfpedcd vital cause, — It remained^ however, to yerify this disco- 
yerj by showing that the exact quantity of heat eyolved in the animal 
system could be accounted for by the chemical phenomena manifested 
in respiration ; and tiiis Dulong accomplished. 

After haying determined the quantity of heat lost by the animal, 
he calculated the quantity of heat produced by respiration. The air 
which was furnished to the animal was measured by the gasometer, 
and the changes which it suffered were taken into account by ana- 
lyzing the products of eombustion discharged through the water from 
the cage. These products were as follows ; 

1. The vapour of water. 

2. Carbonic acid. 

3. A^ote. 

The vapour of water analysed gave a ceartun quantity of oxygen 
and hydrogen, the carbonic acid a certain quantity of carbon and 
oxygen, bjSl the azote was sensibly equal to the quantity of that gas 
contained in the atmospheric air supplied to tiie animal It followed 
that the oxygen of the atmospheric air which had been supplied 
combined in tiie lungs partly with carbon and partly with hydrogen, 
producing by respiration carbonic acid and the vapour of the water, 
being exactiy the products resulting from the combustion of a lamp 
or cuidle. Now the quantity of heat produced by the combustion of 
given quantities of carbon and hydrogen being taken and compared 
with ike quantity of imimal heat developed, as given by .the heat 
imparted to the water, was found exactly to coiTespondj and thus it 
followed that the source of animal heat is the same as the source of 
heat in the common process of combustion. 

When these researches were first made, it appeared that the quan- 
tity of heat actually developed in the animal system exceeded the 
quantity computed to result from the chemical change which the air 
suffered in respiration, and it was consequently inferred that the 
balance was due to a certain nervous energy or original source of 
heat existing in the animal organization independently of the common 
laws of physics. Dulong, however, had the sagacity to perceive that 
the phenomenon admitted of a more satisfactory and simple explana- 
tion, and succeeded at length in showing that the difference which 
had appeared between the quantity of heat developed in respiration, 
and the quantity due to the chemical changes which the air suffered 
in this process, was accounted for by the fact that the quantity of 
heat developed in the combustion of hydrogen and oxygen had been 
under-estimated; and that when the correct coefficient was i4[>plied, 
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the quantity of heat due to chemical changes suffered by the air in 
respiration was exactly equal to the quantity of heat developed in 
the animal system. (See Appendix.) 



CHAP. xm. 

THE SENSATION OF HEAT. 

1606. Indications of the senses fall(icious. — ^The senses, though 
appealed to by the whole world as the most unerring witnesses of 
the physical qualities of bodies, are found, when submitted to the 
severe scrutiny of the understanding, not only not the best sources 
of exact information as to the quaUties or degrees of the physical 
principles by which they are severally affected, but the most fidlible 
guides that can be selected, often informing us of a quality which is 
absent, and of the absence of one which is present. 

Nor should this be any matter of surprise. Our Maker in givine 
us organs of sense did not design to supply us with philosophicu 
instruments. The eye, the ear, and the touch, though admirably 
adapted to serve our purposes, are not severally a telescope, a mono- 
chord, and a thermometer. An eye which would enable us to see 
the inhabitants of a planet, would ill requite its own^ for that ruder 
power which guides him through the town he inhabits, and enables 
him to recognize the friends who surround him. The compariaon 
of the instrument which axe adapted for the uses of commerce and 
domestic economy with those destined for scientific purposes supply 
an appropriate illustration of these views. The delicate balance 
used by the chemist in determining the analysis of the bodies upoa 
which he is engaged would, by reason of its very perfection and sen- 
sibility, be utterly useless in the hands of the merchant or the house- 
wife. Each class of. instruments has, however, its peculiar use, and 
is adapted to give indications with that degree of accuracy whieh is 
necessary, and required for the purposes to which it is applied. 

1607. Sense of touch.afallaiyums measure of heat — The touch 
is the sense by which we acquire a perception of heat. It is evident, 
nevertheless, that it cannot inform us of the quantity of heat which 
a body contains, much less of the relative quantities contained in 
any two bodies. In the first {4ace, the touch is not affected by heat 
which exists in the latent state. Ice-cold water and ice itself have 
the same degree of cold to the touch, and yet it has been proved that 
the former contains 140° of heat more than the latter. 

1608. Its indications contradictory. — But it may be said that 
even the thermometer does not in this case indicate the presence of 

13* 
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the excess of heat in the liquid. The sense of feeling 'mil however 
be found almost as fidlacious as regards the temperature of bodies ; 
for it is easy to show that the sense of warmth depends as much 
upon the condition of the part of the body which touches or is sur- 
rounded by the wurm w cold medium^ as om the ten^rature of that 
medium itself. 

If the two hands be plunged^ one in water at the temperature of 
200^ and the other in snow, and being held there for a certain time 
are transferred to water of the intermediate temperature of 100^, 
this water will appear warm to one hand and cold to the other; warm 
to the hand which had been plunged in the snow, and cold to the 
band which had been plunged in the water at 200^. 

If on a hot day in summer we descend into a deep cave, it will 
teel cold ; if we descend into the same deep cave on a frosty day in 
winter; it will feel wann ; yet a thermometer in this ease will prove 
that in the winter and in the summer it has eiiaotly the same tem- 
perature. 

1609. Theie eantradictiom ea>jpi4zmed,--^Tke8e apparent anomaliea 
are easily explained. The sensation of heat is relative. When the 
body has been expoeed to a high temperature, a me^um whi<$h has 
a lower temperature will .feel cold, and when it has been exposed to 
a low temperature it will feel warm. 

K in a room raised to a high temperature, as in a vapour or bot- 
flk bath, we touch ynth the hand different objects, they will appear 
to have veiy diffierent temperatures ; a woollen carpet will feel cold, 
marble slam warm, and metallic objects very hot. If, on the other 
hand, we are in a room at a very low temperatare, ail these proper- 
ties will be reversed 3 the carpet will feel warm, the marble skbs 
oold, and the metallic objects colder still. 

These effects are easily esplained. A woollen carpet is a non- 
eonductor of heat. When surrounding objects are at a more de* 
vated temperature than that of the body, the woollen carpet partaik- 
ing in this temperature will when touched feel cool, because,. being 
a non-conduetor of heat, the heat which pervades it does not pass 
freely to the part of the body whioih touches k. A marble slaib 
being a better conductoor, and a metallic object a still better, the heat 
will pass from them more freely to the part of the body which touches 
them, and they accordingly appear hotter. 

But if Uie room be at a temperature much lower than the 'body, 
tiien when we touch the woollen carpet the heat does not pass from 
our body to the carpet because it is a noh-<K>nductor, and as we do 
not lose heat the carpet feels warm ; but when we touch the marble, 
and still more a metallic object, the heat passes more and more freely 
from our body to these objects, and being sensible of a loss of heat 
more or less rapid; we feel cold. 
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1610. Examphi of the faMadous impremons produced hy objects 
on ike touch. — When we plunge in a cold bath, we are acoustomed 
to imagine that the water is colder than the air and surronnding ob- 
jecte; bat if a thermometer be immersed in the water, tmd another 
suspended in the air, they will indicate the same temperature. The 
apparent cold of the water arises from the fact that it abstracts from 
our bodies heat more rapidly than air does, being a denser fluid and 
a greater number of particles of it coming into contact at once with 
the surface of the body. A linen feels colder than a cotton, and a 
cotton colder than a flannel shirt, yet all the three are at exactly the 
same temperature. Linen is a better conductor of heat than cotton, 
and cotton than flannel, and, consequently, the heat passes more 
freely through the first than tiie second, and through the second than 
the third. 

The sheets of a bed feel cold, and the blankets warm, and yet 
they are of the same temperature, — a fact which is explained in the 
same manner. 

The air which is impelled against a lad/s face by her fan feels 
cold, while the same air at rest around her feels warm ; yet it is cer- 
tain that the temperature of the air is not lowered by being put in 
motion. The apparent coolness is explained in this case by a slight 
evaporation, which is efiected upon the skin by the motion given to 
the air by the fan. 

1611. Feats of fire-eaters explained, — Some of the feats per- 
formed by quacks and fire-eaters in . exposing their bodies to fierce 
temperatures may be easily explained upon this principle. When a 
man goes into an oven raised to a very high temperature, he t^es 
care to place undet his feet a cloth or mat made of wool or otner 
non-conducting substance upon which he may stand with impunity 
at the proposed temperature. His body is surrounded with air raised 
it is true to a very high temperature, but the extreme tenuity of this 
fluid causes all that portion of it in contact with the body at any 
given time to produce but a slight efiect in communicating heat. 
The exhibitor always takes care to be out of contact with any good 
conducting substance, and when he exhibits the efiect produced by 
the oven in which he is enclosed upon other objects, he takes as 
much care to place them in a situation very difierent from that 
which he himself has occupied. He exposes them to the effect of 
metal or other good conductors. 

Meat has been exhibited dressed in the apartment with the exhi- 
bitor. A metallio surface is in this case provided, and probably 
raised to a much higher temperature than the atmosphere in which 
the exhibitor is placed. 
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n^OTE. — The sections of the Appendix have prefixed to them the aoiithers 

of the corresponding sections in the Text.] 



1348*. CSiamg^ of zero in l^verTMmeters. — Be La ICitb and 
Haroet attribute the gradual dkxu<iiiii(m in the oc^Micity of tbe \mW3iB 
of mevcnrial thenaometers, to the preesore of the external air^ ioas- 
BEiiieh as there is a Taoaum in the inslstiment above the merenrj. In 
oonseqnenoe of ihis oontraotioQ, and in the oourBe of time, tbe mer- 
oory of a thermometw immeraed in melting ieo; will be bbserred to 
vtand from 1^ to 2^ aboTO the freezing point. 

This chronic change must be distinguished from i^e sndden change 
which takes place when a thermometer is exposed to a high temper- 
Btore, whieh appears to act bj modifying the molecular arrangement 
of the partieles of the glass. Person finds that at the temperature 
of 600^, the change sometimes amounts to from 20^ to 80° in a few 
hours.. Henee, a thermometw before graduation should be exposed 
io as high a temperature as it is intended for. 

1847*-S*. The air tJiermofneier, — tThe incKcafions of the air 
thermometer are affected by changes of atmospheric pressure. Thus, 
supposing ihe qolonred liquid to stand in the tube as represented in 
Jig. 426,, and that, without change of temperature^ the barometrical 
column should rise from 28 to 80 inches, the inorease of atmospheric 
pressure would at the same time cause the liquid to ascend in the 
tube, indicating an ajfparent fall of temperature. When this source 
of error is avoided, air possesses two advantages as a thermoscopio 
substance: — great sensibility in indicating slight changes of teo^ 
porature, and almost perfect uniformity of dilatation. 

1850*-1*. I^^ometen. — The air pyrometer of Pouillet, which is 
one of the most reliable instruments for the measurement of high 
temperatures, consists of a hollow sphere of platinum fitted with an 
escape-tube. The hotter the fire t9 whioJii the platinum vessel is 

(153) 
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exposed; -the greater is the quantity of lur driven out of it^ and this 
is received over water and measured. 

Mr. John Wilson has devised a new mode of measuring high 
temperatures. According to his plan, a given weight of platinum is 
exposed for a few minutes to the fire, the temperature of which is 
required to he measured, and then plunged into a vessel containing 
water of a determined weight and temperature. After the heat of 
the platinum has been communicated to the water, the temperature 
of the water is ascertained ; and from this is estimated the tempera- 
ture to which the platinum was subjected. Thus, if the piece of 
platinum employed be 1000 grains, and the water into which it is 
plunged be 2000 grains, and its temperature 60°, should the heated 
platinum, when dropped into the water, raise its temperature to 90^^ 
then 90° — 60=30°; which, multiplied by 2 (because the water is 
twice the platinum), gives 60°, that an equal weight of water would 
have been raised. Again : should the water, in another case, gain 
40°, then 40°x2 = 80°, the temperature measured by the pyro- 
meter. To convert the degrees oi this instrument into degrees of 
Fahrenheit, we must multiply by 31 ; beoause the quantity of heat 
which will raise a given weight of water 1 degree, will raise an equal 
weight of platinum 31 degrees. Thus, 80° X 31 =2480°. And 
60° X 31 = 1860°. In order to attain very accurate results by this 
method, it is necessary to guard against the dissipation of heat by 
conduction and radiation. 

FT 1357*. Co-efficmit of dilatation, — The fraction which expresses 
the ratio of the increase of length to the primitive length of any 
solid, is called the linear coefficient of dilatation of that solid. 
Thus, 340 inches of zinc at 32?, becoming 341 inches at 212°, the 
fraction -^^j^ is said to be the linear co-efficient of dilatation of zino 
for 180°. If we assume the solid to expand proportionally in its 
three dimensions of length, breadth, and thicknessi its geometrical 
figures in different stages of dilatation will be similar, and conse^ 
quentiy its surface will be proportional to the square, and its volume 
to the cube of its length. 

Let s =r surface at 32°. 

8' = surface at any other temperature. 

= co-efficient of dilatation for the increase of temperature; and^ 

L = length at 32°. 

We shall then have 



s : s' : 



L* : (l+cl)", 

1 : (l+o)», 
1 : 1+20+0*, 
1 : l+2o, nearly; 
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since o^ is veiy small. Henoer, the co-effident of dilatation for a 
surface is double the linear co-efficient 

Similarly, by placing 

Y = Yolume at 32°, and 

y' s= volume at any other temperature^ we shall have 

V : y : : 1 : (l+o)*, 

: : 1 : 1-f 3o+3o*+o', 
: : 1 : 1+30, nearly; 

since S(f and c" are both very small. Hence, the co-efficient of dila- 
tation for volume is triple the linear co-efficient 

1359'*'. The co-efficient of dilatatton increoies with the temperor 
tare, — ^That the rate of dilatation of a solid increases as the tempera- 
ture is raised, is evident from the following consideration. In 
producing expansion, heat has to overcome the cohesive force of the 
solid. Let us represent this cohesive force by 10 ; and let -there be 
added to the solid a quantity of heat sufficient to expand it through 
a space which we may call 1, and to diminish its cohesion from 10 
to 9. A second and equal quantity of heat being applied, it will 
have to contend against a cohesive force not of 10, but of 9, and will 
consequently be able to produce an expansion of more than 1, and 
at the same time will still further reduce the cohesion. So that each 
successive and equal addition of heat will produce a greater degree 
of expansion ; or, technically, 0^ co-efficient of dilatatton increaae$ 
with the temperature. Thus, according to the experiments of Dulong 
and Petit, the co-efficients of iron for two different ranges of tempera- 
ture are: — 

From 32° to 212° (180 degrees), ^\^, 
From 32° to 572° (540 degrees), j^^. 

If the dilatation were uniform, the second co-efficient should have 
been triple the first, i, e., ^^i^ ; but being somewhat greater, shows 
that the dilatability increases with the temperature. 

Moreover, the increase of dilatability is unequal in different solids, 
as may be seen from the experiments of Dulong and Petit on plati- 
num, glass, iron, and copper (1361.) ; but this may be shown still 
more strikingly by determining the temperatures indicated by differ- 
ent solids when used as thermoscopic substances. If the increase in 
volume which different bodies undergo between the temperatures of 
freezing and boiling water be divided into 180 equal parts or degrees, 
it will be found that when these several bodies are further and 
equally heated, their expansions will be expressed by different num- 
bers of such parts, and in the following proportion — the indications 
of the air thermometer, from its sensible uniformity of expansion, 
being used as the standard of comparison. 



1S6 j^mnxiz. 

Temperatures indicated 5y differenJt SoUds, 



Air. 


FlttttnnBi. 


Ooppor. 


Iroii. 


GhM. 


82. « 


82.0 


82. 


82.0 


82. 


212.« 


212. o 


212.0 


212.0 


212.0 


672. o 


592.90 


623.80 


702.70 


667.20 



1369.'*' Problem. — In conHection widi tke oompensaling pendu- 
lum, we have the following problem :^— ^' Required to find the lengths 
(x and y) of two solids whose co-effidents of dilatation for one degree 
(0 and (/) are known^ so that the differenoe of their lengths shsdl be 
constant.'' 

Let A = the constant difference of length ; 

And T as the rise w fetll of temperature in degrees. 

Then x — T = a, (1.) 

X + OTX — Y — o'ty = a, 

CTX — 0'TY = 0, 

ox — 0' Y = 0, 

X = (/ Y, (2.) 

Whence we obtain 

X : Y : : c/ : 0; 

that is^ tke length must he inversely as the co-efficients of dHaiatiam^ 
as stated in the text (1369.). 

Again, from equation (2.) we obtain 

d 

X = T. 



Substituting this in (1.), we have 



o' 

Y — Y = 

d 



-y-y = a; 



(7-0'='> 



r-1 




1394*. Absolute dilatation of liquids distinguished from the 
apparent. — In liqidds, there are to be distinguished two dilatations: 



Asvwsmx. 



m 



the apparent dilatation^ and tbe absolute dilatation. The apparent 
diUtatiopL 16 that wMch the liquid appear? to undergo in the vessel 
which contains it — the absQlute dilatation is that which the liquid 
would undergo in a vessel which should not itself suffer any dilatation. 
The rate of dilatation of mercury has been investigated with extra- 
ordinary care by Dulong and Petit^ Eudberg, and Begnault; and has 
been found to increase progressively with the temperature, whether 
the absolute dilatation or the apparent dilsutation in glass is taken into 
consideration. This will be evident from the following tables ; in 
which the first column contains the temperatures indicated by an air 
thermometer — the second, the co-efficients of dilatation of mercury 
between the freezing point and each of the temperatures given in the 
first column — and the third, the temperatures which would be indi- 
cated by a thermometer constructed of mercury contained in a vessel 
s^ If hose expansion followed the same law as itself. 

Absolute expansion of Mercury ^ according to DvJong and Pttit. 



Tamperatnres \ifj 
Air Thermo- 
meter. 


Cc^ffldents for 
Interrals of Tem- 
perature. 


TempenttureB In- 
dicated by Mer> 
eury, per se. 


32° 
212° 
392° 
572° 





32° 
212° 
400-3° 
597-5° 



In estimating temperatures by the air thermometer, Dulong and 
Petit adopted Gay Lussac's co-efficient of dilatation for air, which has 
since been found too great, as stated in (1377.). 

Eegnault avoided this source of error m his experiment. 



Absolute expansion of Mercury ^ according to RegnavJt. 



Temperatures by 


Go-effidenta for the 


Temperatures in- 


Air Thermo- 


Intervals of Temper- 


dicated by Mer- 


meter. 


ature. 


cury, per se. 


820 


•0000000 


820 


1220 


1( -0090120) 


121-40 


2120 


2( -0090716) 


212-0 


802° 


3(-0091310) 


303-80 


892<» 


4( -0091910) 


396-7° 


4820 


5( -0092600) 
6(-0093100) 


490-90 


6720 


686-20 


6620 


7( -0093700) 


682-70 



II. 



14 



158 
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Ajoiparent eaparmon of Mercury in Glass^ according to Dukmg 

find Petit, 



Tempentares lyy 

Air Thermo* 

meter. 


Co<effioient8 for 

the InterralB of 

Temperatures. 


32° 
212° 
392° 
572° 






The rate of expansion of mercury, however, is sensibly uniform in 
comparison with other liquids ; and the increase in the co-efficient is 
not uniform, but varies considerably in different liquids, as may be 
seen from the following table, which is extracted from the researches 
of M. J. Isidore Pierre on this subject 



• 

Names of the Liquids. 


Chemical For* 
mulsB. 


Go-effldent for V> Cent 


Increase 
percent, 
in the co- 
effident. 


•At32<>F. 


At the boiling 

point of the 

liquid. 


Aldehyde 


C*H*0* 

OH"0,(?H0» 

OH»0,C«H»0» 

C*HK),C*H«0» 

C»H'0»,H0 


•001653523 

•001325205" 

•001295954 

•001258496 

•001025720 


•002121090 
•001679323 
•001687434 
•001719623 
•001598958 


28-33 
26-73 
30-21 
36-59 
65'87 


Formiate of ethyl..... 

Acetate of methyL 

« ethyl 

Monohydrated hutyrio add 



Pierre found, however, that two of the above liquids, namely, the 
formiate of the oxide of ethyl (formic ether) and the acetate of the^ 
oxide of methyl, both of which may be represented by the same 
empirical formula (C*H*0*), and are therefore examples of what is 
known in Chemistry as metamerism,^ follow the same law of con- 
traction for equal intervals of temperature, setting out from their 
respective boiling points. This may be seen from an inspection of 
the following table : — 

* This term is applied by Berzelius to two chemical compounds which 
contain the same ultimatCf but different jE>ro2;tma^e, elements; and such com- 
pounds occur only among organic bodies. For example, the formula 
C^H^O* will represent both glacial acetic acid and the formiate of methylio 
ether, the ultimate elements in each being the same ; but the proximate 
elements of the former are C*H»0» and HO — of the latter, CHO* and 
C'H'O. 
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instance of Temperature 


Yolnme of the Formlate of 


Tolume of the Acetate of 


below the boiling Point. 


Ethyl. 


MethyL 


0° 


1-0000 


10000 


9 


0-9923 


0-9923 


18 


0-9848 


0-9848 


27 


0-9774 


0-9775 


86 


0-9702 


0-9703 


45 


0-9632 


0-9688 


54 


0-9563 


0-9564 


63 


0-9496 


0-9497 


72 


0-9430 


0-9431 


81 


0-9366 


0-9367 


90 


0-9303 


0-9304 


99 


0-9241 


0-9243 


108 


0-9181 


0-9183 


117 


0-9122 


0-9124 


126 


0-9064 


0-9065 


135 


0-9008 


0-9010 


144 


* 0-8963 


0-8955 



In experimenting upon other isomeric liquids, Pierre found that 
they followed different laws of contraction. 

It will be noticed in the above table, as illustrating the general 
fact, that the contraction for each successive 9 degrees is less than 
for the preceding: for ihe first interval .0077, and for the last .0055. 

1396.* Temperature of maodrawm density, — The existence of a 
point of maximum density (38*8° F.) in water is of very great im- 
portance in the economy of nature ; for it is by its means that the 
great mass of water in our rivers and fresh-water lakes is prevented 
from being converted into solid ice during our long and severe win- 
ters. To illustrate this, let us suppose that water, at all tempera- 
tures, obeys the general law of contraction from cold. The sur- 
face being exposed to the cooler temperature of the atmosphere, im- 
parts heat to it and contracts, and, becoming thereby specifically 
heavier, sinks, the warmer and lighter water at the bottom rising to 
take its place. This, in its turn, becoming cooled and specifically 
heavier, sinks ; and thus, by this process of circulation, the temper- 
ature of the whole mass of water would speedily be reduced to the 
freezing point. But it has been arranged, by the wisdom of the 
Creator, that, when the water at the surface attains the temperature 
of 38.8^, it no longer contracts, but expands, from the abstraction 
of heat, and being therefore specifically lighter, remains at the sur- 
face. The circulating process ceases below 38*8^, and the warmer 
water beneath can be cooled only by its heat being conducted firom 
particle to particle towards the surface. It is shown in the text 
(1522.) that liquids, generally, are almost absolute non-conductors 
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of heat; and thus is explained the fact that our rivers are frozen 
only to comparativelj small depths^ although the thermometer may 
stand, for many snceessiTe days^ at temperatures much below the 
freezing pt>int 

Sea-water, and solutions of different salts, at different degrees of 
saturation, nave also points of maximum density, which are some-^ 
times above, and sometimes below, the respective freezing points of 
the different solutions. M. Despretz has made the most complete 
series of researches on this subject, and a few of his results arei 
given in the following table : — 



SatetanoB in Solution. 


Spedfio 

Grayity of 

Solution. 


Point of Maxi- 
mum Denflitj. 


Freeiing 
Point 


Weight of the 
Substance in 
997-46 of Wa- 
ter. 


Sea-water. 


1027 


26-4940 


27-4100 




Chloride of sodiom.... 


1-009 


34142 


29-822 


12-846 


do. 


1018 


28-958 


27-968 


24-692 


do. 


1027 


23-460 


27014 


87-039 


do. 




8-200 


24-260 


74-078 


Chloride of oalciom... 


1006 


87-832 


81-616 


6178 


do. 


1-010 


85-690 


81-046 


12-346 


do. 


1-020 


82-108 


29-984 


24-692 


do. 


1-031 


27.626 


24-944 


37039 


do. 


1060 


18-226 


22-496 


74-078 


Sulphate of soda. 


1-006 


86-686 


81-028 


6-173 


do. 


1-012 


84-070 


29*948 


12-846 


do. 


1-023 


29-292 


30-506 


24-692 


do. 


1034 


24-206 


27-698 


87-039 


do. 


1-066 


9-932 


28094 


74-078 



Pierre concludes, from his experiments, that water is the only 
li<luid if^ich has a point of maximum density ; and that, although 
such a point is observed in liqxdds which are d^cult to be deprived 
completely of water; this is owing to the presence of a small quan- 
tity of water. 

1411*. J%e spedfic heat increases with the temperature, — ^Dulong 
and Petit found that the capacities of bodies for heat, as well as their 
dilatabilities, increased with the temperatures at which they were 
observed. This may be seen from the following tables, in which 
the mean capacity of water, between 32° and 212® F., is taken for 
unity. 

Mean capacity of iron from 32o to 212^^ = -1098 
" ♦' 320 to 3920 = -1150 

" " 320 to 572° = -1218 

♦* *« 820 to 662<» = '1256 
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Names of the SalNrtaaoes. 


Mean Gapadtiee. 


Between 32° and 212°. 


Between 82° and 672°. 


Mercuiy 

Zinc .'. 


•0330 
•0927 
•0607 
•0657 
•0949 
•0336 
•1770 


•0360 
•1015 
•0549 
•0611 
•1013 
•0365 
•1900 


Antimony 

Silver 


Copper 

Platinum.... 


Glass 



Podillet; in experimenting by the method of mixtoreS; obtained 
the following results for platinum : * — 



Mean capacity of platinum from 32° to 212° 

32° to 672° 
32° to 932° 
32° to 1292° 
82° to 1832° 
32° to 2192° 



« 



(4 
«< 
(i 
«l 
« 



•03360 
•03434 
•03618 
•03602 
•03728 
•08818 



The specific heat of water itself is not^ as stated in the text, uni- 
form between 82° and 212° ^ for, according to the experiments of 
Nauman and Begnault, the specific heat of water; at 32°; being 
put = 1, the specific heat at 212° is 1010. 

M. Regnault (Anncdes de Ckimie et Physique^ S"* «cnc, torn, ix., 
p. 824) has shown that the specific heat of certain liquids augments 
rapidly with the temperature. He found, for example, that the 
mean specific heat of the oil of turpentine, which is about 0*420 
between 59° and 68°, already becomes 0-467 between 68° and 212P. 
It is probable that the increase of specific heat is most marked in 
liquids whose co-efficient of dilatation is considerable ; and we ought, 
accordingly, to expect to find a much less variation for water than for 
the oil of turpentine. 

The following table contains the varying specific heats of water at 
different temperatures; as determined by the elaborate experiments 
of Regnault: — 



14* 



1^3 
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Tomperatures by the - 
Air Thermometer. 


Mean Specific Heat between 

2S2P and the given Temperar 

tnre. 


Specfflo Heat at the Tem- 
perature. 


82^ 


1-0000 


1-0000 


50 


l-(k)02 


1-0005 


68 


1-0005 


1-0012 


86 


1-0009 


1-0020 


104 


1-0018 


1-0080 


122 


10017 


1-0042 


140 


1-0023 


1-0056 


158 


1-0030 


1-0072 


176 


1-0035 


1-0089 


194 


1-0042 


1-0109 


212 


10050 


10130 


230 


100^ 


1-0153 


248 


1-0067 


1-0177 


266 


10076 


1-0204 


284 


1-0087 


1-0232 


802 


1-0097 


1-0262 


320 


1 1-0109 


10294 


838 ! 


1-0121 


1-0328 


856 


1-0133 


1-0364 


874 


1-0146 


1-0401 


892 


1-0160 


10440 


410 


10174 


10481 


428 


1-0189 


1-0524 


446 


1-0204 


1-0668 



1426*. Specific Jiedt of saline solutions. — J'erson has shown : — 

1st. That the speoific heat of saline solutions is always less than that 
of its components ; that is to say^ less heat is always required to 
heat a solution^ than to heat separately the water and the salt 
which compose it. It is to be remarked, however, that this 
gimple relation obtains only when we consider the salt in the 
liquid state; there is no regularity when it is supposed that the 
salt preserves^ in the solution^ the specific heat proper to the solid 
state. 

2d. That the reduction of the specific heat has no relation to the 
affinity. For example, it must not be expected to be greater with 
the chloride of calcium, which has so strong an affinity for water, 
than with any other salt which has a much less affinity for that 
liquid. 

8d. That the diminution of specific heat has no relation to the dimi- 
nution of volume which takes place at the same time. 

1452*. Refractxyry bodies. — M. Despretz, of Paris, has recently 
been engaged in a series of experiments for the purpose of deter- 
miniug the effects^ upon some of the more refractory bodies^ of the 
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intebge heftt obtuned by concentniting, upon one object, the heat 
of two poweifdl galvanic batteries ; one consisting of 600 of Bun- 
sen's elements, and the other of 135 of Munke's. He has, in this 
way, tniooeeded not only in fiftsdng, but in Volatilizing, charcoal; 
and the pieces of charcoal fused by him have, in some instanceS| 
exceeded in sise k hirge |>ea. 

He also observed that charcoal^ stibmitted to the action of this 
intense heat, became converted intd graphitic 5 a fact of great interest 
in a geological point of vicw. 

1479*-»80*. SaturcOed ^luHons, — Sulphate of soda is not, as 
might be inferred from the text, the only exceplioin to the general 
fjEust, that 'the solubility of different subst&nces, in water, increases 
with the temperature. With regard to their solubility in water at 
different tempertetores, substances may be divided into the following 
ektsses: — 

1st. The safrui qwjmtity is dissolved at oM temperatures. — This is 
the case with common salt. 

2d. The qucmtity dissohSd continually increases with the tempera- 
ture, — This is by far the most common case ; and the solubility 
may increase in direct proportion to the temperature, or much 
inore rapidly than the temperature. 

For example, 100 parts of water, at 32"", dissolve 29*23 of chlo- 
ride of potassium, and an additional 0*1521 for each additional 
degree of temperature. Hence^ the solubility at 104^ is equal to 
29-23 + 72 X 0-1621 = 40-18. Similarly, with regard to the sul- 
phate of potassa and the chloride of barium. But the solubility of 
the nitrate of potassa increases much more rapidly than the tem- 
perature. 

8d. The solubility of the substance decreases as ^ temperature 
rises. — This rare peculiarity is exhibited by lime, citrate of lime, 
butyrate of lime, and sulphate of cerium — solutions of which 
substances, saturated in the cold, deposit pait of the dissolved 
matter when the temperature is raised. 

It may be regarded as almost a law for bodies in tbe gaseous form. 

4th. The solubility first increases^ andy attaining a maacimum at a 
certain point, diminishes dowly and continuously^ as the tem^ 
perature rises. — This is the case with the sulphate of soda. 
Among gaseous bodies, chlorine furnishes a striking example. 

Thus, 100 cubic inches of water at Z2^ dissoWe 145 of chloriDa 
«< " 48.20 " 800 " 

<« << 62-6'» " 287 ** 

u «< 950 « IQQ f« 
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1512*. Latent heat of watery vapour, — Befoire the publicaiion 
of the careful and elaborate researches of Eesnaolt, yarious ezperi- 
menters endeavoured to establish one or other of two laws with 
regard to the latent heat of watery vapour ; namelj; Wdt^t Law, and 
SotUhem's Law, 

Watt assumed; as stated in the text (1511.), that the gwmtUy of 
heai which mttst hejkimtshed to a pound of water j to convert it into 
vapour, under any prenmire whaievevy is constant; in other words^ 
that the sum of the latent and sensible hea^ is constant. 

This proposition, known as the Law of Watt, can only be conn- 
dered as an hypothesis of that celebrated ufan, for he did not attempt to 
establish it by direct experiments; only one experiment, and that a 
very imperfect one, as he himself admits, having been made by him. 
Southern and Creighton, who instituted more extensive experimental 
in 1803, concluded that the latent heat is constant under cdlpres^ 
sures ; and that the total heat is to be obtained by adding to the 
constant latent heat the temperature of the steam. 

This proposition is known as Southern's Law ; and necessarily 
includes the proposition that the total heat increases equally with the 
temperature — a conclusion which was apparently confirmed by the 
experiments of Despretz and Dulong. 

Machinists, however, generally adopted Watt's Law, which was 
very convenient for their calculations, and which, moreover, seemed 
to be confirmed by the fact that it required about the same quantity 
of combustibles to produce a pound of steam under a high or a low 
pressure. 

The results of Begnault's experiments, stated in the text, show 
that neither the law of Watt nor that of Southern is correct; but 
that the increase in the sum of the latent and sensible heats is very 
nearly three-tenths of the increase of temperatures. 

It will be perceived that the statement in the text (1497.), that a 
vapour cannot be reduced to the liquid state by mere compression, as 
well as the example by which it is illustrated in (1498.), imply the 
truth of Watt's law, and therefore require to be slighUy qualified. 
The total heat of vapour at 68^ is 1135*4^ ; and when the tempera- 
ture is raised by compression to 212°, the latent heat will be only 
1135-4° — 212° = 923-4°, a quantity somewhat less than is required 
for the maintenance of the vaporous state at 212°. Hence, a por- 
tion of the vapour will be condensed into a liquid by mere compres- 
sion, and, imparting its latent heat to the remaining vapour, will 
enable it to retain that form. 

1522*. Liquids do conduct heat, — ^It was long a debated question 
whether liquids conduct heat at all. Experiments, similar to 
those mentioned in the text, (1522.) and (1400.), were inconclusive ; 
for, when the ice at the bottom of the vessel melted, as sometimes 



happened, it was alleged that this resalt wafi produced by heat con- 
ducted downwards, not by the water, but by the sides of the ressel. 
This source of doubt was happily avoided in an experiment of Br. 
Murray, of Edinburgh. A vessel was con structe d of ice, and filled 
with oil at 32° } and, heat being applied above, it was observed that 
k thermometer at the bottom of the vessel rose 5^ degrees in seven 
minutes. Liquids, then, do conduct heat, but very imperfectly; 
and, although ho accurate numbers have been obtained, their con- 
ducting power appears to be generally in proportion to their density 
— mercury being the best liquid conductor, and alcohol and edier 
among the worst. 

1556*. Influence of surface on radiating power, — The diminu- 
tion of radiating power which ordinarilv accon^panii^d increased polish 
of surface, is not a consequence of the polish, per se, but of the 
increased density of the outer surface, produced by the act of polish- 
ing ; and the effect of roughening a polished surface of metal is ta 
be ascribed to the removal of the outer and denser coating. 

For example, Melloni fbuiid that cast tait^t, irhich is less dense 
than hammered silver, has, with the same polii^ of surface, one-* 
third more radiating power. 

He found also that the radiating power of the haminered silver is 
increased, while that of the dast id diniinii^hed, by scratching, which, 
it may be remarked^ diminishes the density of the first;, and increases 
di4t oi the second. 

It was formerly supposed that the radiating power of a surfaee 
was somewhat influenced by its colour; darii:-coloured surfaces of the 
same nature being better huiiaters than lighter ones. This was 
hastily inferred from the experiments of Bir John Leslie, and was 
apparently confirmed by those of Professor Stark; but the more 
recent experiments of Professor A. D. Bache have iplaoed it beyond 
doubt that the radiating power of a sur&ce is not affected, at least 
in an appreciable degree, by its colour. 

1558*. Ahsorbing pcnoer of the idme %%rfabe different for heat 
coming from different sources. — MM. de la Prevostaye and Desains 
have shown that the absorbing power of a surface is not the same 
for heat of all temperatures ; in other words, that the nature of the 
heat has an effetot on the quantity of heat absorbed. 

This may be seen from the following table : — - 
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Absorbing powers of polished MeiaUfor Heat from differetU 

Sources. 



MtftalB. 


Bouroe of the HmL 


SnxL. 


Argand 
Lamp. 


LooatelU 
Lamp. 


Lamp of 

nlted 

AloohoL 


Ooppear Plate 
at 7620. 


Steel 


0-42 
0-84 
0-89 

0-13 
0-08 


0-34 
0-80 
0-^0 
0-82 
0-82 
0-16 


0175 

0145 

017 

019 

016 

0-07 

0045 

0026 


012 
014 

006 


0106 

0055 
0045 


Speculum metal 

Platinum ^ 

Zinc • 


Tin , 


Brass 

Gold 


Silver plate, very bril- 
liant 


0085 





These valnes are applicable, or very nearly IsO; to all angles of 
incidence between 0° and 70°. 

1560*. Intemity of reflection, influenced by the nahtre of the 
heat. — MM. de la Prevostaje and Desains have found that the 
quantity of heat reflected from surfaces is dependent, not only on the 
nature of the reflecting surface, and the angle of incidence, but also 
upon the refrangibility of the heat, its being polarized or not, smd 
the direction of the plane of polarization. 

A few of their results are given in the following tables, to illus- 
trate the above statement. 

I. Seat from the red extremity of the Spectrum polarized par aUeUy 

to the Plane of Incidence. 



Angles of 
Inddenoe. 


IntenBity of the Befleetton on 


Specolum Metal. 


— ... — ., 

Platinum. 


80® 

60 

70 

72} 
76 


0-65 
0-74 

0-87 


• 0-66 
0-72 

0-856 
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Same Seat polarized perpendicularly to the Plane of Incidence, 



Angles of 
InflUtemoe. 


Intensity of the Reflection on 


Speculum MetaL 


Platinum. 


80O 

50 

70 

72} 

76 


0-62 
0-577 

0-42*6 


0-588 

0-51 

0-427 

0*40 



These results show that the intensity of reflection augments with 

the angle of incidence for heat polarized parallelly to the plane of 

incidence^ while it diminishes for heat polarized perpendicularly to 

that plane. 

< 

II. Uhpolarized Seat reflected at an Angle of Incidence = 70^. 



Befrangibility of the Baji. 


Intensiiy of the Sefleotlon on 

. i. 


Steel. 


Platinum. 


Zinc. 


Speculum Metal. 


Brass. 


Bays from the green 
part of the spectrum 
Kays from the red part 
Bays taken from the 
inyiBible part of the 
spectrum, at some 
distance f^om the red 


0-75 


0-59 
0-60 


0-66 
0-60 


0-58 
0-66 


0-63 
0-76 

0-90 







This table shows how a difference in the refrangibility of the rays 
affects the reflecting power of a metal^ the angle of incidence 
remaining the same. It may be seen, from a mere inspection, that, 
for certain metals, brass, for example, the intensity of the reflection 
varies greatly with the degree of refrangibility of the ray employed. 
For others, on the contrary, such as steel and platinum, the rays from 
all parts of the visible spectrum are reflected in the same proportion. 
Notwithstanding these differences, however, it was found by the 
experimenters that, for all the mirrors employed by them, the inten- 
sity of the reflection was much increased when they operated on 
invinble rays, taken in the calorific spectrum, at some considerable 
distance from the red. 

The preceding results were obtained by experimenting with solar 
heat; but the heat derived from lamps was found to be subject to 
the same laws. ^ 



i«p 



m. Heat from an Argand Lamp polarized paraUdly to the Fiane 

of Incidence, 



Angles of 
Incddenoe. 


Beflecting pow»n of 


w 

Specoluin MetaL 


Steel. 


Flatinom. 


Tin. 


Zine. 


Silver. 


Brass. 


BOO 
60 
00 
10 
76 
._- 


0-7Q to 0-73 
07^ to 0-78 
0-82 
0-847 to 0-86 
0-886 to 0-896 


0-09 
0-77 

0-87 
0-90 


0-677 to O-OOS 
0-77 


0-69 


0-686 




0-876 
0-88 

0-887 
0-896 


••••••••• 

••••••••• 

0-98 


0-786 
0-83T 
0-888 


"o^iS" 


0-837 
0-866 



Same Seat polarized perpendicidarit/ to the Plane of Incidence, 



Angl 8 of 
Inddenoe. 


Befleeting Powers of 

1 iM. *  ~" 


r 

Speculum Metal. 


Steel. 


Platinum. 


Tin. 


74ino. 


Silver. 


Brass. 


80O 

60 

60 

70 

76 


0-665 to 0-70 
0-624 to 0-65 
0-60 
0-50 to 0-62 
0-425 to 0-46 


0-62 
0-66 

"6^42* 
0-56 


0-656 to 0-686 
0-62 to 0-648 


0-634 

0-62 

0-60 

0-546 

0-495 


0-676 
0*66^ 

0-60 
0-565 


••••••••• 

0-859 


0-81 
0-7$8 

0-788 
0-72 


0-627 
0-44 to 0-46 



These tables show that, for heat polarized in the plane of inci- 
dence, the reflecting power increases with the angle; and that^ for 
heat polarized perpendicakrlj to that plane^ it diminishes as the 
angle increases np to 76°. 

1569'*'. On the transmissibility of heat. — It is stated in the text 
that the transmissibilitj of heat increases with the temperature of 
the source from which it is radiated; but this statement is neither 
accurate nor discriminating. 

It has, indeed, been directly disproved by Knoblauch, by a series 
of experiments on hydrogen flame, an Axgand lamp, the flame of 
fJcohol, and red-hot platinua)| whose temperatures are in the order 
of enumeration, beginning with the highest. He found that the 
heat of the hydrogen flame, and the red-hot platinum, notwithstand- 
ing the great difierence in their temperature, is capable of passing 
through a plate of colourless glass 1*8 millim. thick to an equal extent, 
but that the heat of the alcohol flame possesses this power in a less 
degree than that of the red-hot platinum, although its temperature is 
higher than that of the latter ; and the heat of the Argand lamp in 
a much greater degree than that of the hydrogen flame, notwith- 
standing its temperature is decidedly lawer. 

When the glass screen was exchanged for a plate of alum, 1*4 
millim. in thickness, it was found that the heat of the hydrogen and 
alcohol flame, with great difference in the temperaturej passed 
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through the plate of alum to the game extent; and ifaat the heat of 
the Argand lamp, and even that of the red-hot platinum, passed 
through more capiotufy than the heat of the hydrogen flame, 
allhough their temperature is far less. 

It is evident that the transmission of heat through diathermanous 
bodies has no relation to the temperature of the source, in the oases 
cited above. 

To render the result as decisive as possible, M. Knoblauch also 
observed the transmission of the heat emitted by radiation from one 
and the same body, at different temperatures, from 100^ F. to a 
white heat; and thus placed it, experimentally, beyond all doubt, 
that the passage of radiant heat A/rough diathermanous bodies is 
not directly proportional to the temperature of the source^ hut 
depends ordy on the structure of the diathermanous svhstance — each 
substance being penetrated by certain rays of heat more readily than 
by others, whether those rays are emitted a^ a higher or lower tewr- 
perature, 

Kays of heat differ in their refrangibility as do the rays of light ; 
and each diathermanous substance is chiefly permeable to rays of a 
certain refrangibility. Hence the mere proportion or per-centage of 
heat transmitted by a screen is not the essential characteristic. To 
take the per-centage, simply, is ambiguous ; for the body of rays is 
not homogeneous. Nor is the ambiguity removed by referring to 
the difference of source ; for rays from the same source are hetero- 
geneous, including rays of all degrees of refrangibility. Heat, 
emitted from bodies at a low temperature, consists chiefly of the less 
refrangible rays ; and the higher the temperature of the source, the 
greater is the number of the more refrangible rays emitted from it. 

Rock-salt, coated with lamp-black, transmits the less refrangible 
rays, and hence is more permeable to heat of a low than of a high 
temperature. This is seen frx)m the following table, which contains 
the results of transmitting, through a plate of coated rock-salt^ 
radiant heat from a Leslie's cube at 212° F., red-hot platinum, the 
flame of alcohol, and an Argand lamp. The quantity of heat trans- 
mitted is measured by the number of degrees to which the needle is 
deflected. 



Diathemxaiious Sabstanoes. 


Deflection 

by direct 

Radiation. 


Deflection 1^ transmission of Heat from 


Leslie's 
Cube, 
[ 21 2P. 


Redrbot 
PlaU- 
num. 


Slameof 
Aloobol. 


Argand 
Lamp. 


Rock-salt coated with 
lamp-black — thickness 
of plate — 2-9 milU- 
metre 


20« 
25 
80 
36 


13 

14-26 
16-75 
20-25 


11-76 
13-76 
16-60 
19-60 


11-75 
13-50 
16-25 
19-25 


10 

12 

13-75 

16-60 





u. 



15 
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Water, on the oonfcrary, transmits the more refrangible rays, ab- 
sorbing those which are less refrangible ; and hence may be explained 
the effect of a stratum of water in altering the position of the point 
of maximum heat in the solar spectrum. When the light of th^ 
sun is transmitted through a prism of crown-glass^ which throws the 
maximum of heat into the red, and the dark part of the heat- 
spectrum situated beyond the red is divided into six zones, the outer- 
most of which shows the same temperature as the violet, the next 
the same as the indigo, &c., it is found, on interposing a film of 
water, 1 millim. in thickness, between the prism and the spectrum, 
that the proportional diminution in the heating power is greater and 
greater, as the ^distance from the violet increases. 

-^ a . d K i> Zone. 

SI** 

k- M n 
Without the film of water.. 20 6^ fP 
With the film 2 4-5 8 

This explains the fact, stated in (1547. )> that the maximum of 
beat is found in different parts of the spectrum, according to the 
nature of the prism. The smaller the number of calorific rays which 
any substance transmits, whilst it retains the less refrane^ible rays, 
the more nearly does th^ maximam of heat in the spectrum, form^ 
by a prism made of that substance, approach to the violet. 

With respect to the radiating powers of different substances at 
the same temperature, Knoblauch confirms the law laid down by 
Melloni, and already stated in this Appendix (1556*.), viz., that 
ike radiating power of a body is influencedy by scratching its sur- 
face, ordy in so far as its density and hardness are thereby altered, 
Knoblauch likewise observes that the equality of the radiating and 
absorbing powers is absolutely true as regards one and the same 
body; but that, with respect to different bodies, it cannot be main- 
tained that a body which, at a certain temperature, exhibits a higher 
radiating power than another, necessarily, also, possesses a greater 
absorbing power; — for the proportion between the quantities of heat 
absorbed by two bodies varies with the nature of the calorific rays. 

1581*-1582*. — Heat developed or absorbed in chemical combi- 
nation, — ^The development and absorption of heat, which accompany 
the action of chemical affinity, are, in the text, ascribed either to a 
change of specific heat, or to an evolution or absorption of latent 
heat, consequent upon a change of state. 

These causes are entirely inadequate, as will be evident from the 
following facts and considerations. 

We must, in the first place, distinguish between the cases in which 
there is development of heat from those in which cold is produced. 
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Heat is always evolved where the action of chemical affinity is defi- 
nite ; that is to say, where it results in the formation of a definite 
compound; — as water, e. g., from the union of hydrogen and oxygen. 
Cold, on the contrary, is produced only when the action of affinity is 
indefinite, as in the case of the solution of a solid in a liquid, where 
no definite compound is formed. 

I. The heat developed hy the definite action of chemical affinity 
cannot be explained either by dimimUion of specific heat, or hy 
the evolution of latent heatj amsequent upon a diange of state. 

(a) Because, in the first place, the formation of definite chemical 
compounds is often attended with an actual increase of specific 
heat, so that the result would be a production of cold, if heat were 
not developed from some other cause. 

Thus, 1 pound of hydrogen, of 8*2936 specific heat, combines, under 
the most violent evolution of heat, with 8 pounds of oxygen, of 
specific heat 0*2361, producing 9 pounds of watery vapour, of 
specific heat 0*8470, — whereas calculation gives 

3.2986+8x0*2361 ^ -^-q 

1_- == 0*5758, 

y 

as the mean of the two specific heats. If, then, watery vapour had 
a specific heat == 0*5758, the quantity of sensible heat in the 
hydrogen and oxygen gases together would be exactly sufficient to 
bring the watery vapour to uie same temperature as the gases 
themselves ; but since the actual specific heat of watery vapour is 
0*847, the quantity of sensible heat in the gases is not sufficient 
for this purpose ; and if heat were not developed from some other 
cause during the combination of oxygen and hydrogen, the vapour 
produced would be much colder than the two gases before combi- 
nation. 
(h) And because, in the second place, the formation of such com- 
pounds is often unaccompanied by either change of state or con- 
densation, and in many cases there is even a passage from the 
solid or liquid to the gaseous' state. 

When two gases, in combining, pass into the liquid or solid state, 
there is, according to the principles developed in the text, an evolu- 
tion of the latent heat which was essential to their assumption of 
that state; and similarly, there must be evolution of latent heat, 
when two liquids combine to form a solid. But the heat evolved in 
combustions, and other combinations, is often intense ; and the latent 
heats of gases and liquids, in comparison with such developments of 
heat, are small. Moreover, as already stated, the combination is, 
in many cases, not attended with condensation ; for example, in the 
combustion of charcoal and sulphur in oxygen gas, and of hydrogen 
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in ehlorine gas. Bai, wbit is still more oonolusive^ gaseous products 
are formed from solid bodies, great heat being at the same time 
evolved, as in the explosion of gunpowder, of nitre with charcoal, &c. 

In fact, the present state of science compels us to admit as an 
ultimate fact, not capable of further explanation, that the definite 
action of chemical affinity is always attended with evolution of heat. 
Heat;- light, electricity, and affinity, are great natural forces^ so mu- 
tually correlated that each, under proper circumsta&ceS; may produce 
' or modify all the others. 

Perhaps the most striking illustration of the entire inadequacy of 
the two aforesaid reasons to ex^plain the production of heat in definite 
chemical combination, may be found in the following facts. Two 
volumes of nitrogen and one volume of oxygen are condensed, in 
the formation of nitrous oxide, into two volumes. The resolution^ 
therefore, of this compoimd into its elements should he productive of 
cold. But MM. Favre and Silbermann found that the heat disen- 
gaged by the combustion of wood-charcoal in nitrous oxide exceeded 
the heat due to its combustion in pure oxygen. In pure oxygen, 
the combustion gave 14544 units of heat, while that in nitrous oxide 
gave 19623. Hence we draw the conclusion that the oxygen and 
the nitrogen of the nitrous oxide, in separating, and, at the same 
time, enlarging their volume hy on^half, disengage heat ; a conclu- 
sion consistent only with the assumption that the action of chemical 
affinity is^ per se, pit)ductive of heat 

II. The cold produced hy the indefinite auction of chemical affinity, 
absinthe solution of a solid in waier, is explained hy the ahsorp" 
turn of lament heat in the liguefaction of the solid. 

This is sufficiently enlarged upon in the text (1467.) ; but the 
results of Person's researches on the specific heats of saline solutions, 
as already stated in this Appendix (1426'*'.), and perhaps also the 
heat produced by the action of the feeble affinity which brings about 
the solution, must form a part of the explanation. 

The mutual reaction of concentrated sulphuric acid and snow con- 
stitutes a case of peculiar interest.. The acid, by its affinity for 
water, necessitates rapid liquefaction of the snow : and this lique- 
faction is productive of cold, from absorption of latent heat. But 
the combination of the acid with the water thus produced evolves 
heat ; and it is only the relative proportions of the two ingredients 
which determine whether there shall be elevation or depression of 
temperature. There will be the former when the heat which results 
from the action of affinity exceeds the cold produced by the lique£sic- 
tion of the snow, and vice versd. Thus, if 4 parts o( the concen- 
trated acid are rapidly agitated with 1 part of snow or pounded ice, 
the temperature will rise to 212° F.; but, if we mix 1 part of acid 
with 4 parts of ice, the temperature will fall to — 4**. 
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The heat developed in the combination of several iu)ids with water, 
has been investigated by Hess and Graham ; and a few of the results 
obtained bj the former are given in the following tables : — 

I. Heat disengaged hy the hydration of Sulphuric ^cidf occordiTig 

to Hess, 

CJomposition of the 
Acid employed. Uni^ of Heat. 

i > S0« gives, with HO, 12,432= 8 x 1554 

^ HO,SO' " HO, 3,108= 2x1554 

2H0,S0' " HO, 1,554= 1x1554 

3H0,S0« « 3H0, 1,554= 1x1554 

6H0,S0» " a;*HO, 1,554= 1 x 1554 

20,202=13x1554 

In this table, when it is said that one atom of sulphuric acid 
(SO®), in combining with one atom of water (HO), produces 12,432 
units of heat, it is to be understood that 40 parts of sulphuric add 
(=. 1 atom) develop in this combination a quantity of heat sufficient 
to raise the temperature of 12,432 parts of water from 32° to 33°. 

n. Heat disengaged hy the hydration of Nitric Add, according 

to Hess. 



Composition of the 
Add employed. 




Units of Heat. 


HO,NO* gives. 


with HO, 1554 — 1x1554 


2H0,N0^ 


(C 


HO, 1554 — 1 X 1554 


3H0,N0« 


11 


2H0, 1554 = 1x1554 


5H0,N0* 


u 


HO, 777 — 4x1554 


6H0,N0« 


it 


2H0, 777 — J X 1554 
ajHO, 1554 — 1x1554 


8H0,N0« 


it 



7770 = 5 X 1554 

By comparing this with the preceding table, it will be seen that 
monohydrated sulphuric acid (HO, SO®) and monohydrated nitric 
acid (HO,NO*) develop, on the whole, the same quantity of heat 
(7770 units), in combining with water. 

Andrews has examined, particularly, the reciprocal actions of acids 
and bases ; and his experiments tend to establish the following laws, 
which merit the attention of physicists and chembts, 

1st. Law ofa^cids. — An equivalent of different adds, in combining 
with the same ba^, disengages very nearly the same quantity of 
heat. 



* That is, with such a quantity of water tliat any further addition would 
produce no more deyelopment of l^eat. 

15* 
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2d. LaiD ofhcuet. — An eqniydent of different bases, in oombimng 
with the same aoid^ disengages diffsrent quantities of heat 

8d. Law of add salts, — ^When a neutral salt is converted into an 
add salt, by combining with <me or several equivalents of aeid, no 
change of temperature is observed. 

4th. Law of banc salts, — ^When a neutral salt is converted into a 
basic salt; the combination is accompanied by a disengagement of 
heat. 

Mr. Andrews, however, has himself stated some remarkable ex- 
ceptions to the above laws. Thus, the peroxide of mercury gives 
the same disengagement of heat with nitric and with acetic acid; 
but with the hydrochloric, hydrocyanic, and hydriodic acids, it dis- 
engages thfee times, five times, and nine times more heat. 

1594*. Heat of comlyustum. --^'MlM. Favre and Silbermann have 
deduced; from their researches, a very interesting law relative to the 
heat of combustion of the carburets of hydrogen of the formula 
(C'H*)'' ; and this law may be thus expressed : — 

For every time that the elements of the carburet (C*H") enter once 
more into the constitution of a new polymeric* carburet, the heat 
ofcomhustwn diminishes 67*5 units of heat. 

Let us take, for example, the difference between the heat of com- 
bustion of 0*"H*® (amylene) and of C^H** (metamylene), and divide 
by 15 ; for C^'^H^H (0*H«)'* = G^W. This will give us 

20683-8 — 19671-3 1012-5 ^^ ^ 
15 = ~T5~= ^^•^- 

' There are 14 carburets, known or unknown, which may be 
inserted between G*°H*° and C^H^; and the application to them of 
the law of Favre and Silbermann may be best seen from the following 
table : — 

' * Two or more compoimds, possessing difforent pliysieal and chemical 
properties, and composed of die same elements in the same proportion, are 
said to he polymeries when their differences may be explained by supposing 
that their compound atoms contain different numbers of simple atoms. 
Thus, amylene (G'^H*") and metamylene (C***H^) are polymeric compounds 
of carbon and hydrogen. 
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Series of Ischeguivalemt Carho-hydrogeru* 

MtBltipkfl. Units of Hfiafc 

(C?H") 5(amyl6ne) 20683-8 

6 20616-3 = 20688a— (1x67-6) 

7 ,. 20548-8 = 20883-8 — (2x67-5) 

8 20481-3 = 20683-8 — (3x67-5) 

9 20413-8 = 20683-8 — (4x67-5) 

10 (paramylene)... 20346-3 = 20683-8 — (5 X 67-5) 

11 20278-8 ^ 20683-8 — (6x 67-5) 

12 20211-8 = 20683-8 — (7x67-5) 

13 : 20143-8 = 20683-8 — (8x67-5) 

14 20076-3 = 20683-8 — (9x 67-5) 

15 20008-8 = 20683-8 — (10x67-5) 

16 (cetene) 19941-3 == 20683-8 — (11x67-5) 

17 19873-8 = 20683-8 — (12x67-5) 

18 19806-3 = 20683-8 — (13x67-5) 

19 19738-8 = 20683-8 — (14x67-5) 

20 (metamylene).. 19671-3 — 20688-8 — (15x67-5) 

The heat of combustion of olefiant gas (G^H^^^ calculated by the 
lawy should be^ 

20683-8 + (3 X 67-5) = 20886-3, 

a number which evidently di£fers somewhat from that obtained by 
experiment; which is 21344. (See table, p. 142.) This discre- 
pancy is no doubt caused by the latent heat of vaporization of the 
olefiant gas. 

liebig, in his New Letters on Chemistry, has pointed out the 
existence of a shnilar law with regard to the boiling points of certain 
chemical compounds, which diflfer in composition only in the number 
of times that the carbo-hydrogen, C'H', enters into their consti- 
tution. 

Wood-spirit (methylic alcohol) boils at 138-2^, the spirit of wine 
(ethylic or ordinary alcohol) at 172*4*^, and the oil of potato-spirit 
(amylio alcohol) at 275°. If we compare together these three 
points of ebullition, we shall find that ordinary alcohol boils at 
34-2 degrees (138-2<^+ 34-2°= 172-4°), and the oil of potato-spirit 
at four times 34-2 degrees (138-2° +4x34-2 =275°) above the 
boiling point of wood-spirit. It will be seen from the following 
table, in which the f<mnulsa of these three alcohols are given, that 
each fixation of the carbo-hydrogen, O^H*, corresponds to an elevation 
of 34-2 degrees in the temperature of ebullition* 

NamM of fhe Alooholi. Fonmilaa. BoOiiig Pointfl; 

Wood-flpirit. CHH)* 18«^ 

Spirit of win* C*H«0* — Cr»H*0» + l(C«m 172-40 — 188-2o + 1 X 34-20 

06 of poftatOflrfrit « C»^«H)* — C»H*0» + 4<C»a«) 276^ — 188-20 ^ 4 >< 84aP 
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Each of these alcoholic liquids, placed in the same conditions^ 
gives, by oxidation, a particular acid : wood-spirit is converted into 
formic acid, the spirit of wine into acetic acid, and the oil of potato- 
spirit into valerianic acid. In their turn, these three acids have each 
a constant point of ebullition : formic acid boils at 178-2^ F., acetic 
acid at 212*4^, and valerianic acid at 315^. If we compare together 
these three degrees, it will immediately be perceived that they pre- 
sent the same relation as the boiling points of the liquids from which 
they are derived. In fact, acetic acid boils at 34*2 degrees, and var 
lerianic acid at fDur times 34*2 degrees above the boiling point of 
formic acid. The following table, in which are given the formulae 
of the three acids, with their corresponding points of ebullition, 
shows that, with respect to them also, each fixation of the carbo- 
hydrogen, C'H^, corresponds to an elevation of 34*2 degrees in the 
temperature of ebullition. 

Names of the adds. FormnlsB. Boiling Points. 

rormic acid C^WO* 200-2O 

Acetic add C*H*0* = C»ffH)* + 1(0»H«) 244-4° = 210^ + 1 X 84-20 

Valerianic add C^'^H"©* = C=H«0* + 4(C«H») 347-o = 210-2o + 4 X 34-2o 

Experiment proves, indeed, the constancy of this relation between 
bodies belonging to the same chemical group, and, consequently, the 
possibility of deducing the composition of a body &om its boiling 
point. 

The formiate of methyl, for example, boils at 96*8°, and the for- 
miate of ethyl at 131^. The difference between these two points is 
34*2^. This indicates that the first body differs from the second by 
the carbo-hydrogen, G^H^; and this is confirmed by analyses, as may 
be seen from the following table : — 

Names of the Snlistanoes. FormnlaB. Boiling Points. 

Formiate of methyl C*H*0* 96-8o 

Formiate of ethyl.. C«H»0* = C*H*0* + 1(0»H») 131-«> = 968 + 1 X 84-20 

The following aire additional examples : — 

Butyric acid boils at 312*8° ; and this point of ebullition is ex- 
actly three times 34-2° above the boiling point of formic acid. Now, 
on comparing the formulas of formic and of butyric acids, we find 
that butyric acid may be considered as formic acid plus three times 
C*H«. Thus: — 

Formic acid = (?ffO* 

Butyric acid = C^H^O* = Cm'0''\^B((?W). 

Toluidine and aniline are two organic alkalies of a composition 
such that the fDrmer differs from the latter only by the fixation of 
G^H'; and we accordingly find that the boiling point of toluidine is 
superior to that of aniline by 34*2°. 

It is impossible not to see^ in these relations; a natural law; and 
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it is beyond doabt that the properties of a body have some definite 
connection with its chemical constitution — any change in the latter 
involving a corresponding change in the former. 

MM. Favre and Silbermann have also shown that the quantity of 
heat evolved in the combustion of isomeric bodies is not the same ; 
in other words^ that isomerism does not involve equality in heat of 
combustion. 

This will be evident from the following tables : — 

I. Isomenc Bodies comprised under the Formula (C'H')*+0*. 

,rnTn\%rk* 5 Acetic acid 6809 units of heat 

(I. u ;-u ^ Pormiate of methylene 7664-6 « 

{Metftcetic or propionic acid 8406 « 

Formic ether 9602-2 " 

Acetate of methylene... 9619-2 « 

/P«Ti«\w J ^«*yri° ^^^ 10164-6 ", 

(i. u } u < ^^^.^ ^^jj^j. ^ 11327-4 « 

(I. n ; u < B^tyrate of methylene 12238-2 « 

rCaproic acid 12600 " 

((?EP)«ON Butyric ether. 12763-8 « 

t Valerianate of methylene 18276-8 " 

r (Enanthylic acid 13374 «« 

(OEP)'0*J Valerianic ether « 14103 « 

(Acetate of amylene 14347-8 «« 

r«tnv(OAA/^Ap^o<^cid '- •"•• 16012 ^ 

^^"^tValeramyUcctiiw ^ 16879-2 « 

ZL Isomeric Ca/rhO'Hydrogetis comprised under the Formula 

1. T^r^bfene .%.... Cr*H" 19191-6 units of heal 

2. Oil of turpentine ; Cr*H" 19533-6 « 

3. Oil of lemons 0"tf 19726-2 " 

The difference in the heat of combustion, in each of the several 
proups of isomeric bodies given above, is to be ascribed to differences 
in molecular arrangement; and in the degree of condensation. 

The alcohols constitute a well-marked chemical &mily; being all 
represented by the formula (C*H»/ + 2H0. Thus : — 

Wood-spirit (methyUc alcohol) = C»H*0* = (C*H»)* + 2H0 

Spirit of wine (ethyUc alcohol) = 0*^0' = (C'H")* + 2H0 

on of poteto-spirit (amyUc alcohol) ^C^H^'O* == (C^iP)! + 2H0 
Ethal (ethaUc alcohol) = C"H"0*= (OH') • + 2H0 

In the following table, which is taken from the researches of MM. 
Favre and Silbermann, are given the units of heat evolved in the 
combustion of these and all the alcohols, known or unknown. 
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Tallies 


Units of 


Differenoea between 


of n. 


Heat. 


two consecutiTe Terms. 










1 


9542-7 


9542-7 


2 


12981-2 


8888-5 


8 


14436i 


1504-8 


4 


15408 


972 


6 


16125-5 


717-5 


6 


16682 


506-5 


7 


17064 


482 


8 


17424 


860 


9 


17780 


806 


10 


18000 


270 


11 


18234 


234 


12 


18441 


207 


13 


18621 


180 


14 


18792 


171 


16 


18963 


171 


16 


19182-6 


169-6 


17 


19801-4 


168-8 


18 


19468-8 


167-4 


19 


19638 


169-2 


20 


19800 


162 



Sulphur is an allotropio body, presenting several modificationSi 
either in its crystalline form, or in its other physical properties; 
for example^ it crystallizes in two incompatible forms, and may be 
obtained also in a soft and amorphous state. It iS; moreover, easy to 
cause, artificially, the passage from one modification to another ; and 
hence, the combustion of sulphur in its different states, by oxygen, 
offers a case of peculiar interest. The results obtained by MM. 
Favre and Silbermann are given in the following tables* 

I. First Series of Experiments, 

Units of Heat. 

1. Sulphur, melted seyen years before the experiment 8990-24 

2. Sulphur prepared in the soft, amorphous state, three 

months and a half before the operation 8984-84 

8. Sulphur crystallized from the bisulphuret of carbon 4006*44 

4. Native sulphur, from Sicily, in very fine crystals, of a pure 

yellow colour 8997-62 

Mean of the first series, 8994-78 
II. Second Series of Eocperiments, 

Units of Heat. 

1. Soft, amorphous sulphur, burnt i hour after its preparation, 4055*76 

2. " *< 15hrs. « 4071-6 
8. " « 20hrs. " istm soft 4065-84 
4. « " 20 hrs. " \ eiJSL 4067-64 

Mean of the second series, 4066*21 
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This difference of over 70 units of heat^ or calories, between the 
means of the two series, is significative ; for, according to the expe- 
rimenters, it is beyond the possible errors of observation. It must 
be connected with a difference in the molecular constitution of the 
different varieties of sulphur. 

Closely connected with the subject of the quantitative measure- 
ment of heat, there is a principle of great practical importance, 
which has long been conjectured to be true, but which has only 
within the last few years been proved experimentally, that aM the 
different forms of phi/sical energy ^ whether chemical actiony light^ 
heaty electricity y magnetism^ or visible Tnotion and m,echanical power y 
are convertible into each other ; and that, although physical energy 
may be converted from one form to another, or transferred from one 
portion of matter to another, its whole amount in the universe is 
unchangeable. This principle may be justly considered as the foun- 
dation of the whole of the physical sciences. It embraces, as a par- 
ticular case, the principle of the conservation of vis-viva, which is 
the foundation of that physical science which treats of visible motion 
and ordinary mechanical power. In its general form, it is obviously 
of paramount practical importance in the working of all machines 
which act by the transformation of one kind of physical energy into 
another, such as steam-engines and air-engines, which transform heat 
into expansive power and visible motion. In such engines, the gross 
mechanical power given out is the exact equivalent of the heat which 
disappears in the working; that is to say, the difference between the 
quantities of heat possessed by the expansive material, whether 
steam or air, or any other substance, on entering and on leaving the 
cylinder, or other working part of the machine, allowance being 
made for the waste of heat by conduction and radiation. 

The mechanical value of heat has been very accurately determined 
by Mr. Joule, by means of experiments on the production of heat 
by friction. He has found that so much heat as is capable of raid- 
ing the temperature of one pound of liquid water by one degree of 
Fahrenheitj is equivalent to so much mechanical power as is capable 
of lifting a weight of one pound to a height of 772 feet. Conse- 
quently, for every 772 foot-pounds of power given out by a steam or 
air engine, so much heat must disappear, during the expansion of 
the steam or air, as is capable of heating one pound of liquid water 
by one degree of temperature on Fahrenheit's scale. Bankine has 
tested this principle by several comparisons with the actual per- 
formance of steam-engines, and has found it' to be corroborated in 
every instance. 

The knowledge of the law of the convertibility of physical energy 
is the only safeguard against a tendency which has manifested itself 
in the minds of many ingenious persons, to devise machines which 



180 APPENDIX. 

shall produce power out of nothing; a tendency from which some 
men of high scientific reputation were not wholly free, before this 
law became a matter of experimental demonstration, as well as of 
reasoning and conjecture. It was, indeed, a' necessary consequence 
of the hypothesis of a fimd of heat, that the visible mechanical 
power of engines, acting by the agency of heat, mast be produced 
out of nothing. Sir Humphry Davy's experiment of melting two 
pieces of ice, by rubbing them together, was an instance of the con- 
version of mechanical power into heat ; and, in fact, established the 
fDllowing proposition : — " The phenomena of repulsion are not de- 
pendent on a peculiar elastic fluid for their existence ; or, in other 
words, there is no such thing as caloric.'' Heat consists of motion, 
excited among the particles of bodies. 

A striking instance of the fallacious conclusions to which the ma- 
terial hypothesis of heat leads, is found in a passage of the descrip- 
tion, in the Nevo York Trihwne^ of Captain Ericsson's Air-Engine, 
or "Caloric Engine," as it is called. The writer, after describing 
an apparatus called a ^^regenerator," for saving as much as possible 
of the heat which would otherwise escape with the waste air of this 
engine, makes this remark : — " The power of the steam-engine de- 
pends upon the heat employed to produce steam within its boilers ; 
but that heat, amounting to aboij^t 1200 degrees, is entirely lost by 
condensation the moment it has once exerted its force upon the 
piston. If, instead of being so lost, all the heat used in creating the 
steam employed could, at the moment of condensation, be recon- 
veyed to the furnace, there again to aid in producing steam in the 
boilers, but a very little fuel would be necessary; none, in feet, 
except just enough to supply the heat lost by radiation." 

So that, if radiation, and other waste of heat, could be prevented, 
the engine, having been once set in motion, would go on for ever, 
producing power and overcoming resistance, without any fresh supply 
of heat — a conclusion opposed to common sense; and yet the legitir 
mate consequence of the hypothesis that heat is a substance, and 
there/ore inconvertible. 

Assuming, then, the truth of the undulatory theory of radiant 
heat and light, according to which both heat and light are vibrations, 
differing only in length and duration, it will be perceived that the 
elevation of temperature produced in a body, by the incidence of 
radiant heat upon it, is a mechanical effect of the dynamical kind, 
since the communication of heat to a body is merely the excitation 
or the augmentation of certain motions among its particles. Ac- 
cording to Pouillet's estimate of heat radiated from the sun in any 
time, and Joule's mechanical equivalent of a thermal unit, it appears 
that the mechanical value of the solar heat incident perpendicularly 
on a square foot, above the earth's atmosphere, is about eighty-four 
foot-pounds per second. 
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The deoxidation of carbou and hydrogen from carbonio add and 
water; effected by the action of solar li^t on the green parts of 
plants, is (as was first pointed out by Helmholz, in 1847) a me- 
chanical effect of radiant heat. In virtue of this action, combustible 
substances are produced by plants ; and its mechanical value is to 
be estimated by determining the heat evolved by burning them, and 
multiplying by the mechanical equivalent of the thermal unit. 
Taking, from Liebig's Agricultural Chemistry, the estimate, 2600 
pounds of dry fir-wood for the annual produce of one Hessian acre, 
or 26,910 square feet of forest-land, and assuming, as a very rough 
estimate, 7200 thermal units as the heat of combustion of diy fir- 
wood, it is found that the mechanical value of the mean annual pro- 
duce of a square foot of the land is nearly 550,000 foot-pounds (or 
the work of a horse-power for 1000 seconds). Taking 50^ 34' 
(that of Giessen) as the latitude of the locality, Professor W. 
Thomson has estimated the mechanical value of the solar heat 
which (were none of it absorbed by the atmosphere) would fall 
annually on each square foot of the land to be 530,000,000 foot- 
pounds. 

When the vibrations of light thus act during the growth of 
plants, to separate, against force of chemical affinity, combustible 
materials from oxygen, they must lose vis-viva to an extent equivar 
lent to the statical mechanical effect thus produced ; and, therefore, 
quantities of solar heat are actually put out of existence by the 
growth of plants, but an equivalent of statical mechanical effect is 
stored up in the organic products, and may be reproduced as heat by 
burning them. All the heat of fires, obtained by burning wood, 
grown from year to year, is, in fact, solar heat reproduced. 

The question, — " Can animated creatures set matter in motion 
hy virtvs of an inherent power of producing mechanical effect f — 
must be answered in the negative, according to the well-established 
theory of animal heat and motion, which ascribes them to the che- 
mical action (principally oxidation') experienced by the food and tis- 
sues. It is to be remarked, that both animal heat, and weights 
raised, or resistance overcome, are mechanical effects of the chemical 
forces which act during this process of oxidation. The whole me- 
chanical value of these effects, which are produced by means of the 
animal mechanism in any given time, must be equdi to the me- 
chanical value of the work done by the chemical forces. Hence, 
when an animal is going up hill, or working against resisting force, 
there is less heat generated than the quantity due to the oxidation 
of the food, by the thermal equivalent of the mechanical effect pro- 
duced. . From an estimate made by Mr. Joule, it appears that from 
i to I of the mechanical equivalent of the complete oxidation of all 
the food consumed by a horse, may be produced, from day to day, as 

u. 16 
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heights raised. The oxidation of the vrhclb food consumed being, 
in reality, far from complete, it follows that a less proportion than 
|, perhaps even less than |, of the heat due to the whole chemical 
action going on in the body of the animal, is given out as heat. 

Certainty regarding the means, in the animal body, by which ex- 
ternal mechanical effects are produced from chemical forces acting 
internally, cannot be arrived at without more experiment and obser- 
vation than has yet been applied; but the relation of mechanical 
equivalence, between the work done by the chemical forces, and the 
final mectwinical effects produced, whether solely heat, or partly heat 
and partly resistance overcome, may be asserted with confidence. 

Men can obtain mechanical effect, for their own purposes, either 
by working mechanically themselves, and directing other animals to 
work for them, or by using natural heat, the gravitation of descend- 
ing solid masses, the natural motions of water and air, and the heat, 
or galvanic currents, or other mechanical effects produced by che- 
mical combination, but in no other way at present known. Hence, 
the stores from which mechanical effect may be drawn by man belong 
to one or other of the following classes : — 

I. The food of animals. 

II. Natural heat. 

III. Solid matter found in elevated positions. 

IV. The natural motions of water and air. 

Y. Natural combustibles (as wood, coal, coal-gas, oils, marsh- 
gas, diamond, native sulphur, native metals, meteoric 
iron). 
VI. Artificial combustibles (as smelted or electrolytically-depo- 
sited metals, hydrogen, phosphorus). 

Known facts in natural history and physical science, with reference 
to the sources from which these stores have derived their mechanical 
energies, establish the following general conclusions : — 

1. Meat, radiated from the sun (sunlight being included in this 
term), is the principal source of mechanical effect available to 
man. From it is derived the whole mechanical effect obtained by 
means of animals working, water-wheels worked by rivers, steam- 
engines, galvanic-engines, and part at least of the mechanical 
effect obtained by means of wind-mills, and the sails of ships not 
driven by the trade-winds. 

2. The motions of the earth, moon, and sun, and their mutual 
attractions, constitute an important source^ of available mechanical 
effect. From them all, but chiefly, no doubt, from the earth's 
motion of rotation, is derived the mechanical effect of water-wheels 
driven by the tides. The mechanical effect so largely used in 
the sailing of ships by the trade-winds is derived partly, perhaps 
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principally, from the earth's motion of rotation, and partly firom 
solar heat. 
8. The other known sources of mechanical effect available to man, 
are either terrestrial — that is, belonging to the earth, and avail- 
able without the influence of any external body ; or meteoric -— 
that is, belonging to bodies deposited on the earth &om external 
space. Terrestrial sources, inclucling mountain quarries and 
mines, the heat of hot springs, and the combustion of native sul- 
phur, (perhaps also the combustion of inorganic native combus- 
tibles,) are actually used ; but the mechanical effect obtained from 
them is very inconsiderable, compared with that which is obtained 
from sources belonging to the two classes mentioned above. Me- 
teoric sources, including only the heat of newly-fallen meteoric 
bodies, and the combustion of meteoric iron, need not be reckoned 
among those available to man for practical purposes. 

1604*. The carbonic add exhaled from the lungs is not. formed 
in those organs. — It is not true that '^ a real combustion may be 
considered as taking place in the lungs.'' Those organs are not the 
true seat of the formation of carbonic acid, nor are they a furnace. 
The truth is, that the arterial blood represents a current of oxygen, 
which, when circulating in the capillary vessels, determines the 
formation of products of oxidation, or of slow combustion, among 
which is carbonic acid. 

1605*. Office of the oxygen taken into the system in respiration. 
— We shall entertain a very inadequate idea of the part performed 
by oxygen in the animal economy, if we suppose that it is subser- 
vient only to the generation of heat. It is the principal agent in 
all the chemical changes which constantly take place in the system ; 
and all chemical action being of itself productive of heat, heat must 
necessarily be developed by those changes. But this is, in many 
cases, merely a secondary or incidental result. The different organs 
and tissues, in the performance of their various functions, are con- 
stantly wearing out; and, when worn out, require to be removed 
from the system, to which they are then so many poisons. To be 
removed, they must be rendered soluble, so as to be thrown into 
the circulation, by which they may be carried to the various 
excretory organs, and by them be excreted. They are transformed 
into soluble products by the action of oxygen upon them ; and in 
this is found one of the most important functions of the inspired 
oxygen. But the further development of this subject belongs more 
properly to physiology. 
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MAailKTISM. 

CHAP. I. 

DEFnonONS AND PRIMABT PHENOHZNA. 

1612. NcUuralriMigneU — LoacUUme, — Certain ferruginous mineral 
ores are found in various countries, which being brought into proxi- 
mity with iron manifest an attniction for it. These are called 
NATURAL MAGNETS Or LOADSTONES; the former term being de- 
rived from Magnesia, a city of Lydia, in Asia Minor, where the 
Greeks first discovered and observed the properties of these minerals. 

1613. Artificial magnets, — The same property may be imparted 
to any mass of iron having any desired magnitude or form, by pro- 
cesses which will be explained hereafiier. Such pieces of iron having 
thus acquired these properties are called artifigl^ magnets; and 
it is with these chiefly that scientific experiments are made, since 
they can be produced in unlimited quantity of any desired form and 
magnitude, and having the magnetic virtue within practical limits in 
any desired degree. 

1614. Neutral line or eqiuitor — Poles, — This attractive power, 
which constitutes the peculiar character of the mi^et, whether 
natural or artificial, is not difiused uniformly over every part of its 
surface. It is found to exist in some parts with much greater force 
than in others, and on a magnet a certain line is found where it dis- 
appears. This line divides the magnet into two parts or regions, in 
which the attractive power prevails in varying degrees, its energy 
augmenting with the distance from the neutral line just mentioned. 

This neutral line thus dividing the magnet into two different re- 
gions of attraction may be called the equator of the magnet. 

The two regipns of attraction separated by the equator are called 
the poles of the mi^et 

Sometimes this term pole is applied, not generally to the two parts 
into which the magnet is divided by the equator, but to two points 
upon or within them, which are the centres of all the magnetic at- 
tnu^tions exercised by the surface, in the same manner as the centre 
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of grevitj IB the oentxe of all the gravitatjng forces vliich act npon 
the particlea of a body. 

1615. Experimental ■Slustration of (hem. — The neutral line and 

the varying attraction of the parts of the surface of the magnet 

nhich it Beparates may be mautfeated experimentally as follows. 

Let a magnet, whether natural or artifidal, be rolled m a masa of 

fine iron filings. They will adhere to it, and will collect in two 

tuftfi on its aui&ce, separated by a. space npon which no filing will 

appear. The thickness with which the 

filings are collected will increase aa the 

distuice from the space which is free 

from them is augmented. 

This efiect, as exhibited by a natural 
magnet of rough and irregular form, is 
represented in Jig. 456. ; and as exhi- 
bited by an artificial mu;uet in the form 
Fig. 466. of a regular rod or cylinder whose length 

is considerable as compared with its thick- 
ness, is represented in jig. 457.; the equator being represented by 
E Q, and the poles by a and b. 
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1616. Experimental illii»traiion of the dutribuiiion of the mag' 
neticfortx. — The variation of the attraction of different parts of the 
magnet may also be illustrated as follows. Let a magnet, whether 
natural or artificial, be placed under a plate of glass or a sheet of 
paper, and let iron filings be scattered on the paper or glass over the 
magnet by means of a sieve, the paper or glass being gently agitated 
so as to give free motion to the particles. Thej will be observed to 
affect a peculiar arrraogement corresponding with and indicating the 
neutral line or equator and the poles of the magnet as represented 
in fg. 458., where E Q is the equator, and A and b the poles of the 
magnet. 

1617. Varying mtensitt/ of magnetic force indicated hy a pen- 
dulum. — The varying intensity of the attraction of difierent parts 
of the surface of ^e magnet may be ascertained by presenting such 
sur&ce to a small ball of iron suspended by a fibre of silk so as to 
form a pendulum. The attracliou of the surface will draw this ball 
out of the perpendicnlsr to an extent greater or less, according to 
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tbe energy of tlie attraction. If the eqnator of the magnet be pre- 
sented to il^ no attraction will be iuaiu&sted, and Ute force of the 



Fig. US. 

Attraction indicated will be augmented acoording as the point pre- 
sented to the pendnlom is more distant ftom the eqoator and nearer 
to the pole. 

1618. Ouroe rq>resentinff the varying inlentUy. — This varying 
distribation of the attractive Ibrce over the enrface of a msignet may 
be represented by a curve whose distance from the magnet varies 
proportionally to the intenrity of this force. Thus if, in Jig. 459., 
z Q be the eqnator and A and b the poles of Uie magnet, the onrvo 
£ D T may he imagined to be drawn in snch a manner that the dis- 
tance <^ its several parts from the bar E b shall be everywhere pro- 
portional to the intensity of the attractive force of the one pole, and 
a similar curve E c/ 1/ r will in li&e manner be proportional to the 




mying attractions of the several parts of the other pole. These 
curves necessaiily touch the magnet at the equator s Q, where th« 



190 MAaNBTISU. 

attraction is nothing, and they recede from it more and more as their 
distance from the equator increases. 

1619. Magnetic attraction and repvldon^-r—li two magnets, being 
so placed as to have free motion, be presented to each other, they 
will exhibit either mutual attraction or mutual repulsion, according 
to the parts of their surfaces which are brought into proximity. 
Let E and i/, fig. 460., be two magnets, their poles being respect- 

/ * * 

A £ :b 
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A S B 

Fig. 460. 
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ively A B and a' b'. Let the two poles of each of these be success- 
ively presented to the same pole of a third magnet. It will be found 
that one will be attracted and the other repelled. Thus, the poles 
A and a' will be both attracted, and the poles b and b' will be both 
repelled by the pole of the third magnet, to which they are success- 
ively presented. 

1620. lAhe poles repd^ unMke attract — The poles A and a', 
which are both attracted, and the poles b b', which are both repelled 
by the same pole of a third magnet, are said to be like poles; and 
the poles A and b', and b and a , one of which is attracted and the 
other repelled by the same pole of a third magnet, are said to be 
unlike poles. 

Thus the two poles of the same magnet are always unlike poles, 
since one is always attracted, and the other repelled by the same 
pole of any magnet to which they are succesaively presented. 

If two like poles of two magnets, such as A and a' or b and b', 
be presented to each other, they will be mutually repelled ; and if 
two unlike poles, as A and b' or b and a', be presented to each >other, 
ihey will be mutually attracted. 

Thus it is a general law of magnetic force, that like poles mutually 
repel and unlike poles mutually attract 

1621. Magnets arrange themselves mutually parallel with poles 
reversed, — If a magnet a B be placed in a fixed position on a hori- 
zontal plane, and another magnet be suspended freely at its equator 
e' by a fibre of untwisted silk, the point of suspension being brought 
80 as to be vertical over the equator £ of the fixed magnet, the magnet 
suspended being thus free to revolve round its equator e' in a hori- 
zontal plane, it will so revolve, and will oscillate until at length it 
comes to rest in a position paraJlel to the fixed ma^iet A b ; the like 
poles, however, beiog in contrary directions, that is to say, the pole 
a' which is similar to A being over b, and the pole b' which is 
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Similar to B being over A* This phenomenon follows obviously from 
what has been just explained ; for if the magnet a' b' be turned to 
any other direction, the arm £ b attracting the unlike arm b' a', and 
at the same time the arm e a attracting the unlike arm e' b', the 
suspended magnet a' b' will be under the operation of forces which 
have been already described (Hand-Book of Mechanics, ^60), and 
which are called a couple, consisting of two equal and contrary 
forces whose combined effect is to turn the magnet round b' as a 
centre. When, however, the magnet a' b' ranges itself parallel to 
A B, the like poles being in contrary directions, the forces exerted 
balance each other, since the polo A attracts b' as much as the pole 
B attracts a'. 

1622. Magnetic axis, — It has been already stated that certain 
points within the two parts into which a magnet is divided by the 
equator, which are the centres of magnetic force, are the magnetic 
pol6s. A straight line joining these two points is called the magnetic 
axu. 

1623. Sow ascertained experimentally. — If a magnet have a 
symmetrical form, and the magnetic force be uniformly diffused 
through it, its magnetic axis will coincide with the geometrical axis 
of its figure. Thus, for example, if a cylindrical rod be uniformly 
magnetized, its magnetic axis will be the axis of the cylinder ; but 
this regular position of the magnetic axis does not always prevail, 
and as its direction is of considerable importance, it is necessary that 
its position may in all cases be determined. This may be done by 
the following expedient : — 

Let the magnet, the direction of whose axis it is required to 
ascertain, be suspended as already described, with ita equator exactly 
over that of a fixed magnet resting upon a horizontal plane. The 
suspended magnet will then settle itself into such a position that its 
magnetic axis will be parallel to the magnetic axis of the fixed mag- 
net which is under it. Its position when thus in equilibrium being 
observed, let it be reversed in the stirrup, so that without changing 
the position of its poles, its under side shall be turned upwards, and 
vice versd. If after this change the direction of the bar remains 
unaltered, its magnetic axis will coincide with its geometrical axis ; 
but if, as trill generally happen, it take a different direction after 
being reversed, then the true direction of the magnetic axis will be 
intermediate between its directions before and after reversion. 

To render this more clear, let AB,Jig. 461., be the geometrical 
axis of a regularly shaped prismatic magnet, and let it be required 
to discover the direction of its magnetic axis. Let a 6 be the poles, 
and the line M n passing through them therefore its magnetic axis. 

If this magnet be reversed in the manner already described over 
a fixed magnet, its magnetic axis in the new position will coincide 
with its direction in the first position, and the magnet when reversed 




1^02 ICAOKEXIBM. 

will take the position repFesenied by the 
dotted line, the geometrical axis being in 
the direction a' b', intersecting its former 
direction A b at o. The poles a b will coin- 
cide with their former position, as will also 
the magnetic axis M N. It is evident that 
the geometric axis o A will form with the 
magnetic axis o a the same angle as it forms 
with that axis in the second position, that is, 
the angle aom will be equ^ to the angle 
a' o M ; and consequently, the magnetic axis 
M N will bisect the angle A o a', formed by 
the geometric axis of the magnet in its 
second position. 

1624. Hypothesis of two flmdsj boreal 
and austral, — These yarious phenomena of 
attraction and repulsion, with others which 
will presently be stated, haye been explained 
by different suppositions, one of which 
assumes that all bodies susceptible of mag- 
netism are pervaded by a subtle impondera- 
ble fluid, which is compound, consbting of 
two constituents called, for reasons which 
will hereafter appear, the austral fluid and the boreal fluid. Each 
of these is self-repulsive ; but they are reciprocally attractive, that is 
to say, the austral fluid repels the austral, and the boreal the boreal ; 
but the austral and boreal fluids reciprocally attract. 

1625. Condition of the natural or v/amagnetised state* — ^When a 
body pervaded by the compound fluid is in its natural state and not 
magnetic, the two fluids are in a state of combination, each molecule 
of the one being combined by attraction with « molecule of the 
other ; consequently in such state, neither attraction nor repulsion is 
exercised, inasmuch as whatever is attracted by a molecule of the 
one is repelled by a molecule of the other which is combined with it 

1626. Condition of the magnetized state. — When a body is mag- 
netic, and manifests the powers of attraction and repulsion such as 
have been described, the magnetic fluid which pervades it is decom- 
posed, the austral fluid being directed on one side of the equator, 
and the boreal fluid on the other. That side of the equator towards 
which the austral fluid is directed is the australj and that towards 
which the boreal fluid is directed is the boreal pole of the magnet. 

If the austral poles of two magnets be presented to each other, 
they will mutually repel, in consequence of the mutual repulsion of 
the fluids which predominate in them ; and the same effect will take 
place if the boreal poles be presented to each other. If the austral 
pole of the one magnet be presented to the boreal pole of another^ 
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mutual attraction will take place, because tlie austral and boreal 
fluids, though separately self-repulsive, are reciprocally attractive. 

It is in this manner that the hypothesis of two self-repulsive and 
mutually attractive fluids supplies an explanation of the g^eral 
magnetic law, that like poles repel and unlike poles attract. 

It must be observed that the attraction and repuMon in this 
hypothesis are imputed not to the matter composing the magnetic 
body, but to the hypothetical fluids by which this matter is supposed 
to be pervaded. 

1627. Coercive force. — The force with which the particles of the 
austral and boreal fluids are combined, varies in difierent bodies, in 
some being so slight that their decomposition is readily eflected, in 
others being so energetic that it is only accomplished with considera- 
ble difficulty. It is found that in bodies where the decomposition of 
the magnetic fluids is resisted, its recomposition is also resisted, and 
that where the fluids are separated with difficulty, when once sepa- 
rated they are recombined with difficulty. 

This force, by which the decomposition and recomposition of the 
constituents of the magnetic fluid are resisted, is called the coercive 
force. 

A different and more probable hypothesis for the explanation of 
the phenomena will be explained hereafter. 

1628. Coercive force insensible in soft iron — most active in highly 
tempered steel, — Of the magnetic bodies, that in which the coercive 
force is most feeble is soft iron, and that in which it is manifested 
with greatest energy is highly tempered steel. 

It might indeed be assumed hypothetically that the magnetic fluid 
pervades all bodies whatsoever, but that its coercive force in bodies 
which are said to be unsusceptible of magnetism is such as to yield 
to no method of decomposition yet discovered. 

1629. Magnetic substances. — ^The only substances in which the 
magnetic fluid has been decomposed, and which are therefore suscep- 
tible of magnetism, are iron, nickel, cobalt, chromium, and manganese, 
the first being that in which the magnetic property is manifested by 
the most striking phenomena. 

[Note. — ^Late researches by Faraday and others have shown that 
all matter, whether solid, liquid, or gaseous, is subject to magnetic 
influence. 

Bodies are divided into two great classes — the magnetic and the 
diam^agnetic. 

I. Magnetic bodies are attracted, in their natural state, by either 
pole of a magnet — when magnetized, they exhibit the phenomena 
of attraction and repulsion — and, when shaped into bars and freely 
suspended between two opposite magnetic poles, arrange themselves 
aanaUyf that is to say, in a straight line between them. Thus the 

II. 17 
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needle places itself aziallj with reference to the terrestrial magnetio 
poles. 

The principal magnetic bodies are iron, nickel, cobalt, manganese, 
chromium, cerium, titanium, palladium, platinum, and osmium. The 
magnetic properties of the first three have been long known. 

II. Piamagnetic bodies are repeUed by either pole of a magnet, 
and, when placed between two magnetio poles, airange themselves 
eqimtortally, that is to say, at right angles to the line joining the two 
poles. 

Bismuth appears to be the most powerfully diamagnetio of all sub- 
stances. Among the metals, the order of diamagnetic energy is as 
follows: — ^Bismuth, antimony, zinc, tin, cadmium, sodium, mercury, 
lead, silver, copper, gold, arsenic, uranium, rhodium, iridium, and 
tungsten. 

Jn his first experiments on this subject, Faraday was led to the 
conclusion that gaseous bodies are indifferent to magnetic action; 
but it has since been found that they exhibit decided magnetic and 
diamagnetic relations — oxygen appearing to be the most magnetio of 
all gases.] 



CHAP. II. 

MAGNETISM BY INDUCTION. 

1030. Soft iron rendered temporarily magnetic, — ^If the extremity 
of a bar of soft iron be presented to one of the poles of a magnet, 
this bar will itself become immediately magnetic. It will manifest 
a neutral line and two poles, that pole which is in contact with the 
magnet being of a contrary name to the pole which it touches. 
Thus, if A By Jig. 462., be the bar of soft iron which is brought in 
contact with the boreal pole b of the magnet a h, then A will be tho 

a e ^A. B pa 

"  ^ 



Fig. 462. 

austral and b the boreal pole of the bar of soft iron thus rendered 
magnetic by contact, and E will be its equator, which however will 
not be in the middle of the bar, but nearer to the point of contact 
, These e&cts are thus explained by the hypothesis of two fluids. 
' The attraction of the boreal pole of the magnet a h acting upon 
the magnetio fluid which pervades the bar A B, decomposes it, attract- 
ing the austral fluid towards the point of contact A, and repelling the 
boreal fluid towards b. The austral fluid accordingly predominates 
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at the end A; stnd the boreal at the end B; a neutral line or equator 
E separating them. 

This state of the bar A b can be rendered experimentally manifest 
by. any of the tests already explained. If it be rolled in iron filings, 
they will attach themselves in two tufts separated by an intermediate 
point which is free from them ; and if the test pendulum (-1617) be 
successively presented to differe^it points of the bar, the varying in- 
tensity of the attraction will be indicated. 

K the bar A b be detached from the magnet, it will instantly lose 
its magnetic virtue, the fluids which were decomposed and separated 
will spontaneously recombine, and the bar will be reduced to its 
natursd state, as may be proved by subjecting it after separation to 
any of the tests already explained. 

Thus is manifested the fact that the magnetism of soft iron has no 
perceptible coercive force. The magnetic fluid is decomposed by the 
contact of the pole of any magnet however feeble, and when detached 
it is recomposed spontaneously and immediately. 

1631, This may he effected hy proodmity vdthout contact, — It is 
not necessary, to prodace these eflects, that the bar of soft iron should 
be brought into actual contact with the pole^ of a magnet. It will 
be manifested, only in a less degree, if it be brought into proximity 
with the pole without contact. If the bar A b be presented at a 
small distance from the pole h, it will manifest magnetism in the 
same manner ; and if it be gradually removed from the pole, the 
magnetism it manifests will diminish in degree, until at length it 
wholly disappears. 

If the end b instead of A be presented to h, the poles of the tem- 
porary magnet will be reversed, b becoming the austral, and A the 
boreal. ' 

If a series of bars of soft iron ab, a' b', a" b", be brought into 
successive contiguity so as to form a series without absolute contact, 

a '# ^ A B A. B A B 

Eig. 463. 

as represented in fig, 463., the extremity A of the first being pre- 
sented to the boreal pole h of the fixed magnet, then each bar of the 
series will be rendered magnetic. The attraction of the boreal fluid 
at h will decompose the magnetic fluid of the bar A b, attracting the 
austral fluid towards A, and repelling the boreal fluid towards B. 
The boreal fluid thus driven towards B will produce a like decompo^ 
sition of the fluid in the second bar a' b', the austral fluid being 
attracted towards a' and the boreal repelled towards b' ) and like 
effects will be produced upon the next bar a" b"; and so on. 
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If the bars be brought gradually closer together, the intensty of 
the magnetism thus developed will be increased, and will continue to 
bo increased until the bars are brought into contact. 

1632. Induction. — This process, by which magnetism is developed 
by magnetic action at a distance, is called indmction; and the bara 
A B, a' b', &c. are said to be magnetized hy induction, 

1633. Magnets with poles reversed neutralize eaxh other, — If a 
second magnet of equal intensity with the first be laid upon a h with 
its poles reversed, so that its austral pole will coincide with h and its 
boreal with a, the bars A b, a' b', a!* b" magnetized by induction 
will instantly be reduced to their natural state, and deprived of the 
magnetic influence. This is easily explained. The attraction of the 
pole h, which draws towards it the austral and repels the boreal fluids 
of the bar A b, is neutralized by the attraction and repulsion of the 
austral pole of the second magnet laid upon it, which repels the 
austral fluid of the bar A B with a force equal to that with which the 
boreal fluid of the pole h attracts it, and attracts the boreal fluid 
with as much force as that with which the pole h repels it. Thus 
the attraction and repulsion of the two poles of the combined mag- 
nets neutralize each other, and the fluids which were decomposed in 
the bar ab spontaneously recombine^ and the same effects take 
place in the other bars. 

All these effects may be rendered experimentally manifest by sub- 
mitting the bars A B, a' b', a"b'' to any of the tests already explained. 

1634. A magnet broken at its equator produces two magnets. — 
It might be supposed, from what has been stated, that if a magnetic 
bar were divided at ite equator, two magnets would be produced, one 
having austral and the other boreal magnetism, so that one of them 
would attract an austral and repel a boreal pole, while the other 
would produce the contrary attraction and repulsion. This, however, 
is not found to be the case. If a magnet be broken in two at its 
equator, two complete magnets will result, having each an equator 
at or near its centre, and two poles, austral and boreal ; and if these 
be again broken, other magnets will be formed, each having an 
equator and two poles as before ; and in the same manner, whatever 
be the number of parts, and however minute they be, into which a 
magnet is divided, each part will still be a complete magnet, with an 
equator and two poles. 

1635. Decomposition of magnetic fluid not attended hy its transfer 
between pole and pole, — It follows from this, that it cannot be sup- 
posed that the decomposition of the magnetic fluid which is pro- 
duced when a body is magnetized, is attended with an actual transfer 
of the constituent fluids towards those regions of the magnet which 
are separated by its equator. It cannot, in a word, be assumed that 
the boreal fluid passes to one, and the austral fluid to the other side 
of the equator; for if this were the case, the fracture of the magnet 
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at the equator would leave the two parts, one surcharged with austral 
and the other with boreal fluid^ whereas by what has been just stated 
it is apparent that after such division both parts will possess both 
fluids. 

1636. The decmtvpodtixm is moleculaik, — ^The decomposition which 
takes place is therefore inferred to be accomplished spontaneously ia 
each molecule which composes the magnet; each molecule is invested 
by an atmosphere composed of the two fluids, and the decomposition 
takes place in these atmospheres, the boreal fluid passing to one side 
of the molecule, and the austral fluid to the other. When a bar is 
magnetized, therefore, the material molecules which form it are in- 
vested with the magnetic fluids, but the austral fluids are all pre- 
sented towards the austral pole, and the boreal fluids towards the 
boreal pole. When the bar is not magnetic, but in its natural state, 
the two fluids surrounding each molecule are diffused through each 
other and combined, naiwer prevailing more at one side than the 
other. 

1637. Coercive force of iron varies with its molecular stnicture, 
— Iron in different states of aggregation possesses different degrees 
of coercive force to resist the decomposition and recomposition of 
the magnetic fluid. Soft iron, when pure, is considered to be divested 
altogether of coercive force^ or at least it possesses it in an insensible 
degree. In a more impure state, or when modified in its molecular 
structure by pressure, percussion, torsion, or other mechanical effects, 
it acquires more or less coercive power, and accordingly resists the 
reception of magnetism, and when magnetism has been imparted to 
it, retains it with a proportional force. Steel has still more coercive 
force than iron, and steel of different tempers manifests the coercive 
force in different degrees, that which possesses it in the highest de- 
gree being the steel which is of the highest temper, and which 
possesses in the greatest degree the qualities of hardness and 
brittleness. 

1638. Effect of induction on hard iron or steel. — If a bar of hard 
iron or steel be placed with its end in contact with a magnet in the 
same manner as has been already described with respect to soft iron, 
it will exhibit no magnetism ; but if it be kept in contact with the 
magnet for a considerable length of time, it will gradually acquire 
the same magnetic properties as have been described, in respect to 
bars of soft iron, — with this difference, however, that having thus 
acquired them, it does not lose them when detached from the magnet, 
as is the case with soft iron. Thus it would appear, that it is not 
literally true that a bar of steel when brought into contact with the 
pole of a magnet receives no magnetism, but rather that it receives 
magnetism in an insensible degree ; for if continued contact impart 
sensible magnetism, it must be admitted that contact for shorter in- 
tervals must impart more or less magnetism; since it is by the accu- 
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mulation of the effects produced from xpoment to moment i^at the 
sensible magnetism manifested by continued contact is produced. 

It appears, therefore, that the coercive energy of the bar of steel 
resists the action of the magnet, so that while the pole of the magnet 
accomplishes the decomposition of the magnetic fluid in a bar of soft 
iron instantaneously, or at least in an indefinitely small interval of 
time, it accomplishes in a bar of steel the same decomposition, but 
only after a long protracted interval, the decomposition proceeding 
by little and little, from moment to moment during such interval. 

Various expedients, as will appear hereafter, have been contrived, 
by which the decomposition in the case of steel bars having a great 
coercive force is expedited. These consist generally in moving the 
pole of the magnet successively over the various points of the steel 
oar, upon which it is desired to produce the decomposition, the 
motion being always made with the contact of the same pole, and in 
the same diiection. The pole is thus made to act successively upon 
every part of the surface of the bar to be magnetized, and being 
brought into closer contact with it acts more energetically ; whereas 
when applied to only one point, the energy of its action upon other 
points is enfeebled by distance, the intensity of the magnetic attrac- 
tion diminishing, like that of gravity, in the same proportion as the 
square of the distance increased. 

. Since steel bars having once received the magnetic virtue in this 
manner retain it for an indefinite time, artificial magnets can be pro- 
duced by these means of any required form and magnitude. 

1639. Forms of magnetic needles and bars. — Thus a magnetic 

needle generally receives the 



form of a lozenge, as represented 
in Jig, 464., having a conical 
cap of agate at its centre, which 
is supported upon a pivot in 
such a manner as that the needle 
is free to turn in a horizontal 
plane, round the pivot as a cen- 
tre. In this case the weight 
of the needle must be so. regu- 
lated as to be in equilibrium on 
the pivot. 
Bar magnets are pieces of steel in the form of a cylinder or prism 

whose length is considerable compared with their depth or thickness. 

In producing such magnets certain processes are necessary, which 

will be explained hereaner. 

1640. Compound w^net. — Several bar magnets, equal and simi- 
lar in magnitude, being placed one upon the other with their cor- 
responding poles together, form a compound magnet. 

1641. Effects of heat on magnetism. — It is evident from what has 
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been stated respecting the yarions degrees of coercive force mani- 
fested by the same metal in different states of aggregation, that the 
magnetic qualities depend upon molecular arrangement, and that the 
same body in different molecular states will exhibit different magnetic 
properties. 

8ince the elevation or degression of temperature by producing 
dilatation and contraction affects the molecular state of a body, it 
might be expected to modify also its magnetic properties, and this is 
accordingly found to be the case. 

1642. A red heat destroys the magnetism of iron. — If a magnet, 
no matter how powerful, natural or artificial, be raised to a red heat, 
it will lose altogether its magnetic virtue. The elevation of tem- 
perature and the molecular dilatation consequent upon it destroys 
the coercive force and allows the recombination of the magnetic 
fluid. When after such change the magnet is allowed to cool, it 
will continue divested of its magnetic qualities. These effects 
may, however, be again imparted to it by the process already men- 
tioned. 

1643. Different magnetic bodies Jose their magnetism at different 
temperatures. — M. Pouillet found that this phenomenon is produced 
at different temperatures for the different bodies which are suscepti- 
ble of magnetism. Thus the magnetism of nickel is effaced when 
it is raised to the temperature of 660°, iron at a cherry red, and * 
cobalt at a teoiperature much more elevated. 

1644. Heai opposed to induction. — But not only does increased 
temperature deprive permanent magnets of their magnetisln, but it 
renders even soft iron insusceptible of magnetism by induction, for 
it is found that soft iron rendered incandescent does not become 
magnetic when brought into contact or contiguity with the pole of a 
magnet. 

1645. Induced magnetism rendered permanent hy hammering 
and other mechanical causes, — If a bar of soft iron when rendered 
magnetic by induction be hammered, rolled, or twisted, it will retain 
its magnetism. It would follow, therefore, that the change of mole- 
cular arrangement produced by these processes confers upon it a 
coercive force which it had not previously. 

1646. Compounds of iron, differently susceptible of magnetism. — 
f Compounds of iron are in general more or less susceptible of mag- 
netism, according to the proportion of iron they contain. 

Exceptions, however, to this are presented in the peroxide, the 
persulphate, and some other compounds containing iron in small pro- 
portion, in which the magnetic virtue is not at all present. 

1647. Compounds of other mxignetic bodies not susceptible. — 
Nickel, cobalt, chromium, and manganese are the only simple bodies 
which, in common with iron, enjoy the magnetic property, [see note to 
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1629,] and this property completely disappears in moat of die ohemi- 
cal compoanda of which they form a, part. 

Magnetism, however, has been rendered manifest under a great 
variety of circnmstancee connected with tiie development of electricity 
which will be fully explained in a subsequent Book. 

1648, Magnets inilh consequent poi'AU. — In the produotion of arti- 
ficial magnets it irequently happens that a m^netic bar h^ more 
than one equator, and consequently more than two poles. This fact 
may bo experimentally ascertained by exposing snccessiTely the 
length of a bar to any of the tests already espluned. Thus, if pre- 
sented to the test pendulum, it will be attracted with a continually 
decreasing force as it approaches each eqnator, and with an increasing 
force as it recedes from it. If the bar be rolled in iron filings, they 
will be attached to it in a soccession of tufte separated by spaces 
where none are attached, indicating the equators. 

If it be placed under a glass platfi or sheet of paper on which fine 
iron filings are sprinkled, they will arrange themselves according to a 
series of concentric curves, as represented in Jig. 465. 



It is evident that the magnetic bar in this case is equivalent to a 
mceession of independent magnets placed pole to pole. 
The equators in these cases are called comequent points. 
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1649. Analogy ofSie earth to a magnet. — ^If a small and seu^- 
tive magnetic needle, suspended by a fibre of silk so as to be free to 
assume any position which the attractions that act upon it may have 
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a tendency to give to it, be carried over a magnetic bar from end to 
end; it wUl assume in different positions different directions, depend- 
ing on the effect produced by the attractions and repulsions exercised 
by the bar upon it. 

Let a b, fig. 466., be such a needle, the thread of suspension o e 
being first placed vertically over the equator £ of the magnetic bar 
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Fig. 466. 

A B. The austral magnetism of A £ will attract the boreal magne- 
tism of he and will repel the austral magnetism of ae; and in like 
manner the boreal magnetism of b e will attract the austral magne- 
tism of ae and will repel the boreal magnetism of he. These 
attractions and repulsions will moreover be respectively equal, since 
the distances of a 6 and h e from B A and B e are equal. The needle 
a h will therefore settle itself parallel to the bar A B, the pole a being 
directed to B, and the pole h being directed to A. 

If the suspending thread o e be removed towards A to P c, the 
attraction of A upon h will become greater than the attraction of B 
upon h, because the distance of A from h will be less than the dis- 
tance of B from a ; and, for a like reason, the repulsion of a upon a 
will be greater than the repulsion of B upon h. The needle a h will 
therefore be affected as if the end h were heavier than a, and it will 
throw itself into the inclined position represented in the figure, the 
,pole a inclining downwards. 

If it be carried still further towards A, the inequality of the 

attractions and repulsions increasing in consequence of the greater 

inequality of the distances of a and h from A and b, the inclination 

^of h downwards will be proportionally augmented, as represented 

at p'. 

In fine, when the thread of suspension is moved to a point p^' over 
the pole A, the needle will become vertical, the pole h attracted by A 
pointing downwards. 

If the needle be carried in like manner from E to B, like effects 
will be manifested, as represented in the figure, the pole a inclining 
downwai*ds arisins: from the same causes. 
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A magnetio needle similarly snspended, carried over the sarfaoe 
of the earth in the directions north and south, undergoes changes of 
direction such as would be produced, on the principles explained 
above, if the globe were a magnet having its poles at certain points, 
not far distant from its poles of rotation. 

To render this experimentally evident, it will be necessary to be 
provided with two magnetic instruments, cne mounted so that the 
needle shall have a motion in a horizontal plane round a vertical axis, 
and the other so that it shall have a motion in a vertical plane round 
a horizontal axis. 

1650. The azimuth compass, — ^The instrument called the azi- 
muth compass .consists of a magnetic bar or needle balanced on a 
vertical pivot, so as to be capable of turning freely in a horizontal 
plane, the point of the needle playing in a circle, of which its pivot 
is the centre. 

The instrument is variously mounted and variously designated, 
according to the circumstances and purpose of its application. 

When used to indicate the relative bearings or horizontal direc- 
tions of distant objects, whether terrestrial or celestial, a graduated 
circle is placed under the needle and concentric with it. The divi- 
sions of this circle indicate the bearings of any distant object in rela- 
tion to the direction of the needle. 

The pivot in this form of compass is rendered vertical by means 
of a plumb-line or spirit-level. 

1651. The mariner's compass, — ^When the azimuth compass is 
used for the purpose of navigation, the pivot supporting the needle 
is fixed in the bottom of a cylindrical box, which is closed at the top 
by a plate of glass, so as to protect it from the air. The magnetio 
bar is attached to the under side of a circular card, upon which is 
engraved a radiating diagram, which divides the circle into thirty-two 
parts called points. The compass box is suspended so as to preserve 
its horizontal position undisturbed by the motion of the vessel, by 
means of two concentric hoops called gimbals, one a little less than 
and included within the other. It is supported at two points upon 
the lesser hoop, which are diametrically opposite, and this lesser 
hoop itself is supported by two points upon the greater hoop, which 
are also diametrically opposite, but at right angles to the former. By 
these means the box, being at liberty to swing in two planes at right 
angles to each other, will maintain itself horizontal, and will there- 
fore keep the pivot supporting the needle vertical, whatever be the 
changes of position of the vessel. 

This arrangement is represented in Jig, 468., a vertical section of 
the compass box being given in^. 467. 

The sides of the cylindrical box are b 6', its bottom //', and the 
glass which covers it v. The magnetic bar or needle is supported 
on a vertical pivot by means of a conical cup, and can be raised 
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and lowered at pleasure by means of a screw w. The compass 
card is represented in section at rt', fig. 467., and the diiiuona 
npon it marked by radiating lines called the rose aie represented in 
fH. 468. 

Two narrow plates, p and j/, are attached to the sides of t^e box 
so as to be diametrically opposed. In p there ia a narrow vertical 
slit la y there is a wider vertical alit, along which is stretched 
vertically a thin wire. The eye placed at o looks through the two 
slits, and tnms the instrument round its support until the object of 
observation is intersected by the vertical wire, extended along the 
slit^. Provisions are made in the instrument by which the direc- 
tion thus ohseived can be ascertained relatively to that of the needle. 
The angle included between the direc- 
tion of the observed object, and that 
of the needle, is the hearing of the 
object relatively to the needle. 

The compass box is suspended 
witMn the hoop e e', at two points a z' 
diametrically opposed, and the hoop 
ee' ia itself suspended within the fixed 
hoop c c', at two points x x', also dia- 
metrically opposed, but at right angles 

to 2 3'. 

1652. The dippinff^eedle. —IHie 

apparatus represented in fig. 469., 

called the dippvng-needle, consists of a 

? magnetic needle e e, supported and 

balanced on a horizontal axis, and 

playing therefore in a vertical plane. 

The angles through which it turns are 

Fig. 409. indicated by a graduated circle I V, the 

centre of which coincides with the 

axis of the needle, and the frame which supports it has an azimuth 

motion round a vertical axis, which is indicated and measured by the 
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graduated horizontal circle z z\ The instrument is adjusted by 
means of a spirit-level^ and regulating screws inserted in "the feet. 

1653. AnaZysU of magnetic phenomena of the earth. Supplied 

with these instruments, it will be easy to submit to observation the 
magnetic phenomena manifested at different parts of the earth. 

If the azimuth compass be placed anywhere in the northern hemi- 
sphere, at London for example, the needle will take a certain posi- 
tion, forming an angle with the terrestrial meridian, and directing 
one pole to a point a certain number of degrees west of the north, 
and the other to a point a like number of degrees east of the south. 
If it be turned aside from this direction, it will when liberated oscil- 
late on the one side and the other of this direction, and soon come 
to rest in it. 

Since an unmagnetized needle would rest indifferently in any di- 
rection, this preference of the magnetized needle to one particular 
direction must be ascribed to a magnetic force exerted by the earth 
attracting one of the poles of the needle in one direction, and the 
other pole in the opposite direction. 

That this is not the casual attraction of unmagnetic ferruginous 
matter contained within the earth, is proved by the fact that^ if the 
direction of the needle be reversed, it will, when liberated, make a 
pirouette upon its pivot, and after some oscillations resume its former 
direction. 

This remarkable property is reproduced in all parts of the earthy 
on land and water, and equally on the summits of lofty mountains, 
in the lowest valleys, and in the deepest mines. 

1654. Magnetic meridian. — The direction thus assumed by the 
horizontal needle, in any given place, is called the magnetic meri- 
dian of that place. 

The direction of a needle which would point due north and south 
is the TRUE MERIDIAN, or the terrestrial meridian of the place. 

1655. Declination or variation. — The angle formed by the mag- 
netic meridian and the terrestrial meridian is called some- 
times the variation, and sometimes the declination of the 
needle. We shall adopt by preference the latter term. 

The declination is said to be eastern or western, according as 
the pole of the needle, which is directed northwards, deviates to the 
east or to the west of the terrestrial meridian. 

1656. Magnetic polarity of the earth. — To explain these pheno- 
mena, therefore, the globe of the earth itself is considered as a 
magnet, whose poles attract and repel the poles of the horizontal 
needle, each pole of the earth attracting that of an unlike name, and 
repelling that of a like name. 

If, therefore, the northern pole of the earth be considered as that 
which is pervaded by boreal magnetism, and the southern pole by 
austral magnetism, the formjer will attract the austral and repel the 
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"boreal pole, and the latter will attract the boreal and repel the aus- 

- tral pole of the needle. Hence it will follow that the pole of the 

needle which is directed northwards is the austral, and that which is 

y^ directed southwards is the boreal pole. 

1657. Change of direction of the dtpptng-needlc—Li was shown 
(in 1649) that when a needle which is free to play in a vertical 
plane was carried over a magnet, it rested in the horizontal position 
only when suspended vertically over the equate of the magnet, and 
its austral and boreal poles were inclined downwards, according as 
the needle was suspended at the austral or boreal side of the equator, 
and that this inclination was augmented as the distance from the 
equator at which the needle was suspended was increased. Now it 
remains to be seen whether any phenomenon analogous to this is 
presented by the earth. 

For this purpose let the dipping-needle, Jig, 469., be arranged 

^ with its axis at right angles to the direction of the needle of the 

! ^ azimuth compass. It will then be found, that in general the dip- 

ping-needle will not rest in a horizontal position, but will assume a 

" * direction inclined to the vertical line, as represented in the figure, 

^ one pole being presented downwards, and the other upwards. 

?3 The angle which the lower arm of the needle makes with the 

^ ^ horizontal line is called the di^. 

If this apparatus be carried in this hemisphere northwards, in the 

i. direction in which a horizontal needle would point, the austral pole 

5, will be inclined downwards, and the dip will continually increase ; 

but if it be carried southwards, the dip will continually diminish. 

3 By continuing to transport it southwards, the dip continually dimi-* 

nishinff, a station will at length be found where the needle will rest 
in the horizontal position. If it be carried further southwards, the 
boreal pole will begin to turn downwards ; in other words, the dip 
will be south instead of north, and as it is carried further south- 
wards, this dip will continue to increase. 

If the needle be carried northwards, in this hemisphere the dip 
continually augmenting, a station will at length be attained where 
the needle will become vertical, the austral pole being presented 
downwards, and the boreal pole upwards. 

In the same manner, in the southern hemisphere, if the needle be 
carried southwards, a station will at length be attained where it will 
become vertical, the boreal pole being presented downwards, and the 
austral pole pointing to the zenith. 

Complete analogy of the earth to a magnet. — By comparing these 
results with those which have been already described in the case 
where the needle was carried successively over a magnetic bar, the 
complete identity of the phenomena will be apparent, and it will be 
evident that the earth and the needle comport themselves in relation 
to each other exactly as do a small and a great magnet, over which 
II. 18 
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it xmght be carried; the point where the needle is horizontal being 
over the magnetic equator^ and those two points where it is vertical 
being the magOAtic' poles. 

1658. The magnetic equator. — The needle being brought to that 
point where it rests horizontal, the magnetic eqnator will be at right 
angles to its direction. By transporting it successively in the one 
or the other direction thus indicated, the successive points upon the 
earth's surface where the needle rests horizontal, and where the dip 
is nothing, will be ascertained. The line upon the earth traced by 
this point is the magnetic equator. 

Its form and position not regular, — This line is not, as might be 
expected, a great circle of the earth. It follows a course crossing 
the terrestrial equator from south to north, on the west coast of Af- 
rica, near the island of St. Thomas, at about 7° or 8° long. E., in a 
direction intersecting the equator at an angle of about 12° or 13°. 
It then passes across Africa towards Ceylon, and intersects that 
island near the point of the Indian promontory. It keeps a course 
from this of from 8° to 9° of N. lat. through the Indian Archipe- 
lago, and then gradually declining towards the line again intersects 
it at a point in the Pacific Ocean in long. 170° W., the angle at 
which it intersects the line being more acute than at the other point 
of intersection. It then follows a course a few degrees south of the 
line, and striking the west coast of South America near Lima, it 
crosses the South American continent, attaining the greatest south 
latitude near Bahia ) and then again ascending toward^ the line, tra- 
verses the Atlantic and s|)rikes the coast of Africa, as already stated, 
near the island of St. Thomas. 

The magnetic equator, unlike the ecliptic, is not any regular curve, 
but follows the course we have just indicated in a direction slightly 
sinuous. 

Variation of the dip, going north or south. — It has been ex- 
plained, that proceeding from north or south, from the magnetic 
equq.tor, the needle dips on the one side or on the other, the <Gp in- 
creasing with the distance from the magnetic equator to which the 
needle is transported north or south. 

Lines of equal dip. — The lines of equal dip, therefore, may be 
considered as bearing the same relation to the magnetic equator, 
which parallels of latitude bear to the terrestrial equator, being ar- 
ranged nearly parallel to the former, though not in a manner so 
regular as in the case of parallels of latitude. 

1659. — Magnetic meridians. — If the horizontal needle be trans- 
ported north or south, following a course indicated by its direction, 
it will be carried over a magnetic meridian. These magnetic meri- 
dians, therefore, bear to the magnetic equator a relation analogous to 
those which terrestrial meridians bear to the terrestrial equator, but, 
like the lines of equal dip, they are much more irregular. 
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1660. Method of ascertaining the declination of the nee&les, — 
Astronomy supplies various methods of determining in a given place 
the declination of the needle. It may be generally stated that this 
problem may be solved by observing any object whose angular dis- 
tance from the true north is otherwise known, and comparing the 
direction of such object with the direction of the needle. Let p, 
Jig. 470., be the place of observation ; let p n be the direction of 

the true north, or, what is the same, the direction 
of the terrestrial meridian ; and let P n' be the di- 
rection of the magnetic needle, or, what is the 
same, the magnetic meridian. The angle N p n' 
will then be the declination of the needle, being 
the angle formed by the terrestrial and magnetic 
meridians (1655). 

Let o be any object seen on the horizon in the 
direction po; the angle opn is called the true 
azimuth of this object, and the angle O P n' is 
called its magnetic azimuth. 
Fig. 470. This magnetic azimuth may always be observed 

by means of an azimuth compass. 
If, then, an object be selected whose true azimuth is otherwise 
known, the declination of the needle may be determined by taking 
the difference between the true and magnetic azimuths of the object. 
There are numerous celestial objects of which the azimuths are 
either given in tables, or may be calculated by rules and formulaa 
supplied by astrdnomy ; such, for example, as the sun and moon at 
the moments they rise or set, or when they are at any proposed or 
observed altitudes. By the aid of such objects, which are visible oc- 
casionally at all places, the declination of the needle may be found. 

Local declinations, — At different places upon the earth's surface 
the needle has different declinations. In Europe its mean declina- 
tion is about 17°, increasing in going westward. 

1661. Lines of no declination called agonic lines. — There are 
two lines on the earth's surface which have been called agonio 
LINES, upon which there is no declination; and where, therefore, 
the needle is directed along the terrestrial meridian. One of these 
passes over the American and the other over the Asiatic continent, 
and the former has consequently been called the American and the 
latter the Asiatic agonic. These lines run north and south, but 
do not follow the course of meridians. 

It has been ascertained that their position is not fixed, but is liable 
to sensible changes in considerable intervals of time. 

1662. Declination in different longitudes^ at equator ^ and in lat, 
45°. — In proceeding in either direction, east or west from these 
lines, the declination of the needle gradually increases, and becomes 
a maximum at a certain intermediate point between them. On the 
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west of the Asiatic agonic the declination is west^ on the east it is 
east. 

At present the declination in England is about 24° W. ; in Bos- 
ton in the United States it is 5}® W. Its mean value in Europe is 
17° W. At Bonn it is 20°, at Edinburgh 26°, Iceland 38°, Green- 
land 50°, Konigsberg 13°, and St. Petersburg 6°. 

The . following table, however, will exhibit more distinctly the va- 
riation of the declination in different parts of the globe. The lon- 
gitudes expressed in the first column are measured westward from 
the meridian of Paris, and the declinations given in the second 
column are those which are observed on the terrestrial equator, those 
in the third column corresponding to the mean latitude of 45°. 

Table of the Declinations of the magnetic Needle in different 
liOngitudeSf and in Lat. = and Lat, =45°. 





Declinations. 




Declinations. 


Longitudes West 




Longitudes West 




of the Meridian 






of tbe Meridian 






of Paris. 


Lat. 3=0. 


Lat. -460. 


of Paris. 


Lat=0. 


Lat.=460. 





19° W 


220 W 


190 


9° E 


HOB 


10 


19 W 


25 W 


200 


8 £ 


8 E 


20 


16 W 


26 W 


210 


6 E 


4 E 


30 


11 W 


25 W 


220 


8 E 


2 E 


40 


4 W 


24 W 


230 


•2 E 


1 B 


60 


3 E 


24 W 


240 





1 W 


60 


5 E 


20 W 


250 








70 


8 E 


11 W 


260 


1 E 


8 B 


80 


10 E 


3 W 


270 


3 £ 


4 E 


90 


10 E 


4 E 


280 





4 E 


100 


8 E 


11 B 


200 





4 E 


110 


6 E 


17 E 


300 


2 W 


2 £ 


120 


6 E 


18 E 


310 


57 W 


1 W 


180 


5* E 


19 E 


320 


11 W 


6 W 


140 


6 E 


19 E 


330 


13 W 


10 W 


150 


6 E 


19 E 


340 


17 W 


14 W 


160 


7 E 


19 E 


350 


18 W 


17 W 


170 


9 E 


17 E 


360 


19 W 


22 W 


180 


10 E 


14 E 









1663. Isogonic lines. — Lines traced upon the globe at a point at 
which the magnetic needle has the same declinations, are called iso- 
gonic LINES. These, as well as the isoclinio lines, or lines of 
equal dip, are irregular in their arrangement, and not very exactly 
ascertained. 

1664. Local dip. — The local variations of the dip are also imper- 
fectly known. In Europe it ranges from 60° to 70°. In 1836 the 
dip observed at the under-mentioned places was as follows : — 

Pekitt 540 49' 

Kome 61° 42' 

Brussels 68«» 32' 

St. Petersburg 71° 

St. BLelena 14<> 60' 

Eio da Janeiro 13<* 30' 
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1665. Position of magnetic poles. — The determination of the pre- 
cise position of the magnetic poles, or the points where the dip is 
90°, is attended with considerable difficulty, inasmuch as for a con- 
siderable distance round that point the dip is nearly 90°. Hansteen 
considered, that there were grounds for supposing that there were two 
magnetic poles in each hemisphere. One of these in the northern 
hemisphere he supposed to be west of Hudson's Bay in 80° lat. N., 
and 96° long. W. ; and the other in Northern Asia in 81° lat. N., 
and 116 long. E. The two southern magnetic poles he supposed to 
be situate near the southern pole. This supposition, however, ap- 
pears to be at present abandoned, and the observations of Gauss 
lead to the conclusion that there is but one magnetic pole in each 
hemisphere. 

In the northern voyages made between 1829 and 1833, Sir James 
Ross found the dipping-needle to stand vertical in the neighbourhood 
of Hudson's Bay at 70° 5' 17" lat. N., and 114° 65' 18" long. W. 
The dipping-needle, according to the observations of Sir James Boss, 
was nowhere absolutely vertical, departing from the vertical in all 
cases by a small angle, amounting generally to one minute of a de- 
gree. This, however, might be ascribed to the error of observation, 
or the imperfection of instruments exposed to such a climate. 

The existence of the magnetic pole, however, at or near the point 
indicated, was proved by carrying round it at a certain distance a hori- 
zontal needle, which always pointed to the spot in whatever direction 
it was carried. Gauss has fixed the position of the magnetic pole in 
the southern hemisphere by theory at 72° 35' lat. S., and 152° 30' 
long. E. 

1666. Magnetic poles not antipodal. — It will be perceived, there- 
fore, that the magnetic poles, unlike the terrestrial poles, are not 
antipodal to each other ; or, in other words, they do not form the 
extremities of the same diameter of the globe : they are not even on 
the same meridian. If Gauss's statement be assumed to be correct, 
the southern magnetic pole is on a meridian 152° 30' E. of the me- 
ridian of Greenwich, and therefore 207° 30' W. of that meridian, 
whereas the northern magnetic pole is on a meridian 114° 55' 18" W. 
The angle, therefore, under the two meridians passing through the 
two poles will be about 92 i°. It would follow, therefore, that these 
points lie upon terrestrial meridians nearly at right angles to each 
other, and that upon these they are at nearly equal distances from 
the terrestrial poles ; the distance of the northern magnetic pole from 
the northern terrestrial pole being nearly 20°, and the distance of 
the southern magnetic pole from the southern terrestrial pole being 
about 17i°. 

1667. Periodical variations o/ terrestrial magnetism. — ^It appears, 
from observations made at intervals of time more or less distant for 
about two centuries back, that the magnetic condition of the 'earth 

18* 
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is subject to a periodical change ; but neither the quantity nor the 
law of this change is exactly known. It was not until recently that 
magnetic observations were conducted in such a manner as to supply 
the data necessary for the development of the laws of magnetic 
variation; and they have not been yet continued a sufficient leDgth 
of time to render these laws manifest. 

Independently of observation, theory affords no means of ascer- 
taining these laws, since it is not certainly known what are the 
physical causes to which the magnetism of the earth must be 
ascribed. 

In the following table are given the declinations of the needle 
observed at Paris between the years 1580 and 1835, and the dip 
between the years 1671 and 1835. 

Table of Declinations observed at Paris, 



Tear. 



1680 
1618 
1663 
1678 
1700 
1780 
1785 
1805 
1813 
18i4 



Declination. 



11° BO'S 

8 



1 SOW 

8 10 

19 55 
22 

22 5 

22 28 

22 34 



Tear. 



1816 
1817 
1823 
1824 
1825 
1827 
1828 
1829 
1832 
1835 



Declination. 



22° 25' W 

22 19 

22 23 

22 23 

22 22 

22 20 

22 5 

22 12 

22 8 

22 4 



Table of the Dip observed at Paris, 



Tear. 


Dip. 


Tear. 


Dip. 


1671 


73° 


1819 


68° 25' 


1754 


72 ly 


1820 


68 20 


1776 


72 25 


1821 


68 14 


1780 


71 48 


1822 


68 11 


1791 


70 52 


1823 


68 8 


1798 


69 51 


1825 


68 


1806 


69 12 


1826 


68 


1810 


68 50 


1829 


67 41 


1814 


68 36 


1831 


67 40 


1816 


68 40 


1835 


67 24 


1818 


68 36 







1668. Intensity of terrestrial magnetism. — The intensity of ter- 
restrial magnetism, like that of a common magnet, may be estimated 
by the rate of vibration which it produces in a magnetic needle sub- 
mitted to its attraction. This method of determining the intensity 
of magnetic force is in all respects analogous to those by which the 
intensity of the earth's attraction is determined by a common pen- 
dulum (Handbook of Mechanics, 549). The same needle being ex- 
posed to a varying attraction will vary its rate of vibration, the force 
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whicli attracts it being proportional to the square of the number of 
vibrations which it makes in a given time. Thus, if at one place it 
makes ten vibrations per minute, and in another only eight, the 
magnetic force which produces the first will be to that which produces 
the second rate of vibration, as 100 to 64. 

1669.* Increases from equator to poles, — In this manner it has 
been found that the intensity of terrestrial magnetism is least at 
the magnetic equator, and that it increases gradually in approaching 
the poles. 

1670. hodynamic lines. — Those parts of the earth where the 
magnetic intensities are equal are called isodynamic linesy and re- 
semble in their general arrangement, without however coinciding 
with them, the isoclinio curves or magnetic parallels of equal dip. 

1671. Their near coincidence with isothermal lines, — It has been 
found that there is so near a coinoideflce between the isodynamic and 
the isothermal lines, that a strong presumption is raised that terres- 
trial magnetism either arises from terrestri^ heat, or that these phe- 
nomena have at least a common origin. 

1672. Equatorial and polar intensities. — It appears to follow 
from the general result of observations made on the intensity of ter- 
restrial magnetism, that its intensity at the poles is to its intensity 
at the equator nearly in the ratio of 3 to 2. 

1673. Effect of the terrestrial magnetism on soft iron. — If any- 
thing were wanted to complete the demonstration that the globe of 
the earth is a true magnet, it would be supplied by the eiFects pro- 
duced by it upon substances susceptible of magnetism, but which are 
not yet magnetized. It has been already shown that when a bar of 
soft iron is presented to the pole of a magnet, its natural magnetism 
is decomposed, the austral fluid being attracted to one extremity, and 
the boreal fluid repelled to the other, so that the bar of soft iron 
becomes magnetized, and continues so as long as it is exposed to the 
influence of the magnet. Now, if a bar of soft iron be presented to 
the earth in the same manner, precisely the same effects will ensue. 
Thus, if it be held in the direction of the dipping-needle, so that 
one of its ends shall be presented in the direction of the magnetic at- 
traction of the earth, it will become magnetic, as may be proved by any 
of the tests of magnetism already explained. Thus, if a sensitive needle 
be pres3nted to that end of the bar which in the northern hemisphere 
is directed downwards, austral magnetism will be manifested, the 
boreal pole of the needle being attracted, and the austral pole re- 
pelled. If the needle be presented to the upper end of the bar, 
contrary effects will be manifested; and if it be presented to the 
middle of the bar, the neutral line or equator will be indicated. If 
the bar be now inverted, the upper end being presented downwards, 
and vice versd, still parallel to the dipping-needle, its poles will also 
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'be inverted, the lower, which previously was boreal, being austral, 
and vice versd. 

If the bar be held in any other direction, inclined obliquely to the 
dipping-needle, the same effects will be manifested, but in a less 
degree, just as would be the case if similarly presented to an arti- 
ficial magnet; and, in fine, if it be held at right angles to the direc- 
tion of the dipping-needle, no magnetism whatever will be developed 
in it. 

1674. Its effects on steel bars. — If the same experiments be made 
with bars of hard iron or steel, no sensible magnetism will at first be 
developed ; but if they be held for a considerable time in the same 
position, they will at length become magnetic, as would happen under 
like conditions with an artificial magnet. Iron and steel tools which 
are hung up in workshops in a vertical position are found to become 
magnetic, an effect explained by this cause. 

1675. Diurnal variation of the needle. — Besides the changes in 
the magnetic state of the earth, the periods of which are measured 
by long intervals of time, there are more minute and rapid changes 
depending apparently upon the vicissitudes of the seasons and the 
diurnal changes. 

The magnitude of the diurnal variation depends upon the situation 
of the place, the day, and the season, but it is obviously connected 
with the function of solar heat. At Paris it is observed that during 
the night the needle is nearly stationary ; at sunrise it begins to 
move, its north pole turning westwards, as if it were repelled by the , 
influence of the sun. About noon, or more generally between noon 
and three o'clock, its western variation attains a maximum, and then 
it begins to move eastward, which movement continues until some 
time between nine and eleven o'clock at night, when the needle re- 
sumes the position it had when it commenced its western motion in 
the morning. 

The amplitude of this diurnal range of the needle is, according to 
Cassini's observations, greatest during summer and least during 
winter. Its mean amount for the months of April, May, June, July, 
August, and September is stated at &om 13 to 15 minutes; and for 
the months of October, November, December, January, and March, 
at from 8 to 10 minutes. There are, however, occasionally, days 
upon which its range amounts to 25 minutes, and others when it 
does not surpass 5 or 6 minutes. Cassini repeated his magnetic ob- 
servations in the cellars constructed under the Paris observatory at a 
depth of about a hundred feet below the surface, and therefore re- 
moved from the immediate influence of the light and heat of the 
day. The amplitude of the variations, and all the peculiarities of 
the movement of the needle here, were found to be precisely the 
same as at the surface. 

In more northern latitudes, as, for example, in Denmark, Iceland^ 
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and Nortli America, the diurnal variations of the needle are in 
general more considerable and less regular. It appears, also, that in 
these places the needle is not stationary during the night, as in Paris, 
and that it is towards evening that it attains its maximum westward 
deviation. On the contrary, on going from the north towards the 
magnetic equator the diurnal variations diminish, and cease altogether 
on arriving at this line. It appears, however, according to the ob- 
servations of Captain Duperrey, that the position of the sun north or 
south of the terrestrial equator has a perceptible influence on the 
oscillation of the needle. 

On the south of the magnetic equator the diurnal variations are 
produced, as might be expected, in a contrary manner ; the northern 
pole of the magnet turns to the east at the same hours that, in the 
northern hemisphere, it turns to the west. 

It has not yet been certainly ascertained whether in each hemi- 
sphere these diurnal variations of the needle correspond in the places 
where the eastern and western declinations also correspond. 

The dip is also subject to certain diurnal variations, but much 
smaller in their range than in the case of the horizontal needle. 

As a general result of these observations it may be inferred, t£at 
if a magnetic needle were suspended in such a manner as to be free 
to move in any direction whatever, it would, during twenty-four 
hours, move round its centre of suspension in such a manner as to 
describe a small cone, whose base would be an ellipse or some other 
curve more or less elongated, and whose axis is the mean direction 
of the dipping-needle. 

1676. Disturbances in the magnetic intensity. — The intensity as 
well as the direction of the magnetic attraction of the earth at a given 
place are subject to continual disturbances, independently of those 
more regular variations just mentioned. 

These disturbances are in general connected with the electrical 
state of the atmosphere, and are observed to accompany the phe- 
nomena of the aurora borealis, earthquakes, volcanic eruptions, 
sudden vicissitudes of temperature, storms, and other atmospheric 
disturbances. * 

1677. Influence of aurora horealis. — ^During the appearance of 
the aurora borealis in high latitudes, a considerable deflection of the 
needle is generally manifested, amounting often to several degrees. 
So closely and necessarily is magnetic disturbance connected with 
this atmospheric phenomenon, that practised observers can ascertain 
the existence of an aurora borealis by the indications of the needle, 
when the phenomenon itself is not visible. 
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CHAP. IV. 

MAGNETIZATION. 

1678. Effects of induction, — ^The process by which artificial mag- 
nets are produced are all founded upon the property of induction 
(Ch. n.). When one of the poles of a magnet is presented to any 
body which is susceptible of magnetism, it will have a tendency to 
decompose the magnetic fluid in the body to which it is presented, 
attracting one of its constituents and repelling the other. K the 
coercive force by which the fluids are combined be greater than the 
energy of the attraction of the magnet, no decomposition will take 
place, and the body to which the magnet is presented will not be 
magnetized, but the coercive force with which the fluids are united 
will be more susceptible of being magnetized than before. 

If, however, the energy of the magnetic force of the magnet pre- 
sented to it be greater than the coercive force with which the fluids 
are united, a decomposition will take place, which will be more or 
less in proportion as the force of the magnet exceeds in a greater or 
less degree the coercive force which unites the magnetic fluids. 

1679. Their application in the production of artificial magnets, 
— ^These principles being well understood, the methods of producing 
artificial magnets will be easily rendered intelligible. 

It has been already explained, that pure soft iron is almost, if not 
altogether, divested of coercive force, so that a bar of this substance 
is converted into a magnet instantaneously when the pole of a mag- 
net is presented to it; but the absence of coercive force, which 
renders this conversion so prompt, is equally efficacious in depriving 
the bar of its magnetism the moment the magnet which produces 
this magnetism is removed. 

1680. Best material for artificial magnets, — Soft iron, therefore, 
is inapplicable when the object is to produce permanent magnetism. 
The material best suited for this purpose is steel, especially that 
which has a fine grain, a uniform structure, and is free from flaws. 
It is necessary thai it should have a certain degree of hardness, and 
that this should be uniform through its entire mass. If the hard- 
ness be too great, it is difficult to impart to it the magnetic virtue ; 
if not great enough, it loses its magnetism for want of sufficient 
coercive force. To render steel bars best fitted for artificial magnets, 
it has been found advantageous to confer upon them in the first 
instance the highest degree of temper, and thus to render them as 
hard and brittle as glass, and then to anneal them until they are 
brought to a straw or violet colour. 

1681. Best form for bar magnets, — The intensity of artificial 
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magnets depends also, to some extent, npon their form and magni- 
tude. It has been ascertained, that a bar magnet has the best pro- 
portion when its thickness is about one-fourth and its length twenty 
times its breadth. 

1682. Horse^shoe magnets, — Bar magnets are sometimes shaped 

in the form of a horse-shoe, and are hence called 
HORSE-SHOE MAGNETS, aa represented in fig. 471. 
When magnets are constructed in this form, the 
distance between the two poles ought not to be 
greater than the thickness of the bar of which the 
magnet consists. The surface of the steel forming 
both bars, in horse-shoe magnets, should be ren- 
dered as even and as well polished as possible. 

1683. Methods of producing artificial magnets 
hy friction. — Two methods of imparting magnetism 
by friction are known as those of Duhamel and 
-^PiNUS. The former is sometimes called the 
method of single touchy and the latter the method 
of double touch. 

1684. Method of single touch. — The method 
of Duhamel, or of single touch, is practised as follows. The bar 
a' b', fi^f. 472., which is to be magnetized, is laid upon a block of 




Fig. 471. 




wood L projecting at each end a couple of inches. Under the ends 
are placed the opposite poles a and b of two powerful magnets, so 
as to be in close contact with the bar to be magnetized. The influ- 
ence of the pole a will be to attract the boreal fluid of the bar 
towards the end b', and to repel the austral fluid towards the end a'; 
and the effect of the pole B will be similar, that is to say, to repel 
the boreal fluid towards the end b', and to attract the austral towards 
the end a'. It is evident, therefore, that if the coercive force of the 
magnetism of the bar a' b' be not greater than the force of the 
magnets A and B, a decomposition will take place by simple contact, 
and the bar a' b' will be converted into a magnet, having its austral 
pole at a' and its boreal pole at b' ; and, indeed, this will be accom- 
plished even though the coercive force of the bar a' b' be considera- 
ble, if it be left a sufficient length of time under the influence of the 
magnets A and B. 

But without waiting for this, its magnetization may be accom- 
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plishcd immediately by the following process. Let two bar magnets 
a and h be placed in contact with the bar a' b', to be magnetized 
near its middle point, but without touching each other, and let them 
be inclined in opposite directions to the bar a' b', at angles of about 
30®, as represented in the figure. Let the bar which is applied on \ 

the side b' have its austral pole, and that which is applied on the 
side a' its boreal pole in contact with the bar a' b', and to prevent \\ 

the contact of the two bars a and 6, let a small piece of wood, lead, i 

copper, or other substance not susceptible of magnetism, be placed 
between them. Taking the two bars a and 6, one in the right and 
the other in the left hand, let them now be drawn in contrary direc- 
tions, slowly and uniformly along the bar a' b', from its middle to its 
extremities, and being then raised from it, let them be. again placed 
as before, near its middle point, and drawn again uniformly and 
slowly to its extremities ; and let this process be repeated until the 
bar a' b' has been magnetized. 

It is evident that the action of the two magnetic poles a and h will 
be to decompose the magnetic fluid of the bar a' b', and that in this 
they are aided by the influence of the magnets A and B, which en- 
feeble, as has been already shown, the coercive force. 

This method is applicable with advantage to magnetize, in the 
most complete and regular manner, compass needles, and bars whose 
thickness does not exceed a quarter of an inch. 

1685. Method of double toitch.- — When the bars exceed this 
thickness, this method is insufficient, and that of ^pinus, or the 
method of double touch, is found more e£fectual. This method is 
practised as follows. 

The bars a and b are placed as before, but instead of being held 
in the two hands are attached to a triangle, by which they are main- 
tained permanently in their position, and held together. 

Being placed at the centre of the bar a' b', they are moved to- 
gether first to one extremity b', and then back along the length of 
the entire bar to the other extremity a'. They are then again drawn 
over the bar to b', and so backwards and forwards continuously until 
the bar is magnetized. The operation is always terminated when 
the bars have passed over that half of the bar a' b' opposite to that 
upon which the motion commenced. Thus if the operation com- 
menced by moving the united bars a b from the centre to the end 
b', it will be terminated when they are moved from the extremity a' 
to the middle. 

1686. Inapplicable to compass needles and long bars. — By this 
method a greater quantity of magnetism is developed than in that of 
Duhamel, but it should never be ebaployed for magnetizing compass 
needles or bars intended for delicate experiments, since it almost 
always produces magnets with poles of unequal force, and frequently 
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gives them consequent points (1648); especially when the bars have 
considerable length. 

1687. Magnetic saturation. — Since the coercive force proper to 
each body resists the recomposition of the magnetic fluids, it follows 
that the quantity of magnetism which a bar or needle is capable of 
retaining permanently, will be proportional to this coercive force. 
If, by the continuance of the process of magnetization and the influ- 
ence of very powerful magnets, a greater development of magnetism 
be produced than corresponds with the coercive force, the fluids will 
be recomposed by the mutual attraction until the coercive force resists 
any further recomposition. The tendency of the magnetic fluids to 
unite being then in equilibrium with the coercive force, no further 
recomposition will take place, and the bar will retain its magnetism 
undiminished. 

When the bar is in this state, it is said to be magnetized to satvn 
ration. 

It has been generally supposed that when bars are surcharged 
with magnetism they lose their surplus and fall suddenly to the 
point of saturation, the recomposition of the fluids being instanta- 
neous. 

M. Pouillet, however, has shown that this recomposition is gradual, 
and after magnetization there is even in some cases a reaction of the 
fluids which is attended with an increase instead of a diminution of 
magnetism. He observes that it happens not unfrequently that the 
magnetism is not brought to permanent equilibrium with the coercive 
force for several months. 

1688. Limit of magnetic force. — It must not be supposed that 
by the continuance of the processes of magnetization which have 
been described above, an indefinite development of magnetism can 
be produced. When the resistance produced by the coercive force 
to the decomposition of the fluids becomes equal to the decomposing 
power of the magnetizing bars, all further increase of magnetism 
will cease. 

It is remarkable that if a bar which has been magnetized to satu- 
ration by magnets of a certain power be afterwards submitted to the 
process of magnetization by magnets of inferior power, it will lose 
the excess of its magnetism and fall to the point of saturation corre- 
sponding to the magnets of inferior power. 

1689. Influence of the temper of the bar on the coercive force. — 
Let a bar of steel tempered at a bright red heat be magnetized to 
saturation, and let its magnetic intensity be ascertained by the vibra- 
tion of a needle submitted to its attraction. Let its temper be then 
brought by annealing to that of a straw colour, and being again mag- 
netized to saturation, let its magnetic intensity be ascertained. In 
like manner, let its magnetic intensities at each temper from the 
highest to the lowest be observed. It will be found that the bars 
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wliicb have the highest temper have the greatest coereiTe force, and 
therefore admit of the greatest development of magnetism, but even 
at the lowest tempers they are still, when magnetized to saturation, 
susceptible of a considerable magnetic force. 

Although highly tempered steel has this advantage of receiving 
magnetism of great intensity, it is, on the other hand, subject to the 
inconvenience of extreme brittleness, and consequent liability to 
fracture. A slight reduction of temper causes but a small dimi- 
nution in its charge of magnetism, and renders it much less liable to 
fracture. 

1690. Effects of terrestrial magnetism on bars. — It has been 
already shown that the inductive power of terrestrial magnetism is 
capable of developing magnetism in iron bars, and, under certain 
conditions, of either augmenting, diminishing, or even obliterating 
the magnetic force of bars already magnetized. In the preservation 
of artificial magnets, therefore, this mfiuence must be taken into 
account. 

According to what has been explained, it appears that if a mag- 
netic bar be placed in the direction of the dipping-needle in this 
hemisphere, the earth's magnetism will have a tendency to attract 
the austral magnetism downwards, and to repel the boreal upwards. 
If, therefore, the austral pole of the bar be presented downwards, 
this tendency will preserve or even augment the magnetic intensity 
of the bar. But if the magnet be in the inverted position, having 
the boreal pole downwards, opposite effects will ensue. The austral 
fluid being attracted downwards, and the boreal driven upwards, a 
recombination of the fluids will take place, which will be partial or 
complete according to the coercive force of the bar. If the coercive 
force of the bar exceed the influence of terrestrial magnetism, the 
effect will be only to diminish the magnetic intensity of the bar ; but 
if not, the effect will be the recomposition of the magnetic force and 
the reduction of the bar to its natural state ; but if the bar be still 
held in the same position, the continued effect of the terrestrial 
magnet will be again to decompose the natural* magnetism of the 
bar, driving the austral fluid downwards and repelling the boreal up- 
wards, and thus reproducing the magnetism of the bar with reversed 
polarity. 

1691. Means of preserving magnetic hars from these effects hy 
armatures or keepers. — It is evident, therefore, that when it is de- 
sired to preserve magnetized bars unaltered, they must be protected 
from these effects of the terrestrial magnet, and the manner of ac- 
complishing this is by means of armatures or keepers. 

When the magnetic bars to be preserved are straight bars of equal 
length, they are laid parallel to each other, their ends correspond- 
ing, but with poles reversed, so that the austral pole of each shall be 
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in juxtapOBition with the boreal pole of the other, as represented in 
h^ 473. 

A bar of soft iron called the keeper is 

applied as represented at K, in contact with 

the two opposite poles A and b', and another 

B»' -a: similar bar k' in contact with a' and B, so 

Fig. 473. as to complete the parallelogram. In this 

arrangement the action of the poles A and 
b' upon the keeper k is to decompose its magnetism, driving the 
austral fluid towards b' and the boreal fluid towards a'. The boreal 
fluid of K exercises a reciprocal attraction upon the austral fluid of A, 
and the austral fluid of K exercises a corresponding attraction u|)on 
the boreal fluid of b'. Like effiects are produced by the keeper k' at 
the opposite poles a' and b. 

In this manner the decomposition of the fluids in the two bars A B 
and a' b' is maintained by the action of the keepers K and k'. 

If the magnet have the horse-shoe form, this object is attained by 
a single keeper, as represented in jig, 471. 

The keeper K is usually formed with a round edge, so as to touch 
the magnet only in a line, and not in a surface, as it would do if its 
edge were flat. It results from experience that a keeper kept in 
contact in this manner for a certain length of time with a magnet, 
augments the attractive force, and appears to feedy as it were, the 
magnetism. 

1692. Magnetism may he preserved hy terrestrial indttction. — 
Magnetic needles, suspended freely so as to obey the attraction of 
terrestrial magnetism, do not admit of being thus protected by keep- 
ers ; but neither do they require it, for the austral pole of the needle 
being always directed towards the boreal pole of the earth, and the bo- 
real pole of the needle towards the austral pole of the earth, the terres- 
trial magnet itself plays the part of the keeper, continually attracting 
each fluid towards its proper pole of the magnet, and thus maintain- 
ing its magnetic intensity. 

1693. Compound magnets. — Compound magnets are formed by 
the combination of several bar magnets of similar form and equal 
magnitude, laid one upon another, their corresponding poles being 
placed in juxtaposition. 

A compound horse-shoe magnet, such as that represented in Jig. 
471., is formed in like manner of magnetized bars, superposed on 
each other and similar in form, their corresponding poles being placed 
in juxtaposition. These bars, whether straight or in the horse-shoe 
form are separately magnetized before being combined by the methods 
already explained. 

In the case of the horse-shoe magnet a ring is attached to the 
keeper, and another to the top of the horse-shoe, Jig. 471., so that 
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the magnet being ^lu^nied from a fixed' point, weights may be at- 
tached to the keeper tending to separate it from the magnet. 

In this way horse-shoe magnets often support from ten to twenty- 
times their own weight. 

1694. Magnetized tracings on a steel plate. — If the pole of a 
magnet be applied to a plate of steel of about one-tenth of an inch 
thick and of any superficial magnitude, such as a square foot, and be 
moved slowly upon it, tracing any proposed figure, the line traced 
upon the steel plate will be rendered magnetic, as will be indicated 
by sprinkling steel filings upon the plate. They will adhere to those 
points oyer which the magnet has been passed, and will assume the 
foim of the figure traced upon the plate. 

1695. Infltience of heat on magnetic bars. — The influence of heat 
upon magnetism, which was noticed at a very early period in the 
progress of magnetic discovery, has lately been the subject of a series 
of experimental researches by M. Kupfifer, from which it appears 
that a magnetic bar when raised to a red heat does not. lose its 
magnetism suddenly at that temperature, but parts with it by slow 
degrees as its temperature is raised. This curious fact was ascer- 
tained by testing the magnetism of the bar, by the means explained 
in (1668), at different temperatures, when it was found that at dif- 
ferent degrees of heat it produced different rates of oscillation of the 
test needle. 

It was also ascertained that, in order to deprive a magnetic bar 
of all its magnetism when raised to a given temperature, a certain 
length of time was necessary. 

Thus a magnetic bar plunged in boiling water, and retained there 
for ten minutes, lost only a portion of its magnetism, and after being 
withdrawn and again plunged in the water for some length of time, 
it lost an additional portion of its attractive force ; and by continuing 
in the same manner its immersion for the same interval, its magnetic 
force was gradually diminished, a part still, however, remaining after 
seven or eight such immersions. 

A magnetic bar, when raised to a red heat, not only loses its mag- 
netism, but it becomes as incapable of receiving magnetism from any 
of the usual processes of magnetization, as would be any substance 
the most incapable of magnetism. 

Astatic needle. — All magnets freely suspended being subject to 
the influence of terrestrial magnetism, the effects produced upon 
them by other causes are necessarily compounded with those of the 
earth. Thus, if a magnetic needle be exposed to the influence of 
any physical agent, which, acting independently upon it, would cause 
its north pole to be directed to the east, the pole, being at the same 
time affected by the magnetism of the earth, which acting alone upon 
it would cause it to be directed to the north, will take the interme- 
diate direction of the north-east. When, in such cases, the exact 
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effect of the earth's magnetism (91 the direction of the needle is 
known, and the compound effect is observed, the effept of the physi- 
cal agent by which the needle is disturbed may generally be elimi- 
nated and ascertained. It is, nevertheless, often necessary to submit 
a magnetic needie to experiments, which require that it should be 
rendered independent of the directive influence of the earth's mag- 
netism, and expedients have accordingly been invented for accom- 
plishing this. 

A needle which is not affected by the earth's magnetism is called 

an ASTATIC NEEDLE. 

A magnetic needle freely suspended over a fixed bar magnet will 
have a tendency, as already explained, to take such a position that 
its magnetic axis shall be parallel to that of the fixed magnet, the 
poles being reversed. Now if the fixed magnet be placed with its 
magnetic axis coinciding with the magnetic meridian, the poles being 
reversed with relation to those of the earth, its directive influence on 
the needle will be exactly contrary to that of the earth. While the 
earth has a tendency to turn the austral pole of the needle to the 
north, the magnet has a tendency to turn it to the south. If these 
tendencies be exactly equal, the needle will totally lose its polarity, 
and will rest indifferently in any direction in which it may be placed. 

As the influence of the bar magnet on the needle increases as its 
distance from it is diminished, and vice versdj it is evident that it 
may always be placed at such a distance from it, that its directive 
force shall be exactly equal to that of the earth. 

In this case, the needle will be rendered astatic. 

A needle may also be rendered astatic by connecting with it a 
second needle, having its magnetic axis parallel and its poles reversed, 
both needles having equal magnetic forces. The compound needle 
thus formed being freely suspended, the directive power of the earth 
on the one will be equal and contrary to its directive power on the 
other, and it will consequently rest indefinitely in any direction. 

It is in general, however, almost impracticable to ensure the exact 
equality of the magnetism of two needles thus combined. If one 
exceed the other, as is generally the case, the compound will obey a 
feeble directive force equal to the difference of their magnetism. 
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BOOK THE THIRD. 

ELECTRICITY. 

CHAP. L 
ELECTRICAL ATTRACTIONS AND REPULSIONS. 

1696. Electrical effects, — If a glass tube being well dried be 
briskly rubbed with a dry woollen cloth, the following effects may 
be produced. 

The tube, being presented to certain light substances, such as 
feathers, metallic leaf, bits of light paper, filings of cork or pith of 
elder, will attract them. 

If the friction take place in the dark, a bluish light will be seen 
to follow the motions of the cloth. 

If the glass be presented to a metallic body, or to the knuckle of 
the finger, a luminous spark accompanied by a sharp cracking sound, 
win pass between the glass and the finger. 

On bringing the glass near the skin, a sensation will be produced 
like that whicn is felt when we touch a cobweb. 

The same effects will be produced by the cloth with which the 
glass is rubbed as by the glass itself. 

An extensive class of bodies submitted to the same kind of mu- 
tual friction produce similar effects. 

1697. Origin of the name Electricity. — The physical agency 
from which these and like phenomena arise has been called elec- 
tricity; from the Greek word tiUxt^ (electron), signifying amber, 
that substance having been the first in which the property was ob- 
served by the ancients. 

To study the laws which govern electrical forces, let an apparatus 
be provided, called an electric pendulum, consisting of a small ball 
"Blyfig. 474., about the tenth of an inch in diameter, turned from 
the pith of elder, and suspended, as represented in the figure, by a 
fine silken thread attached to a convenient stand. 

If the glass tube, after being rubbed as above described, be brought 
into contact successively with two pith balls thus suspended, and then 
separated from them, a property will be imparted to the balls in 
virtue of which they will be repelled by the glass tube when it is 
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brought nearer them, and they will in like manner repel each other 
when brought into proximity. 

Thus, if tlie glasa tube s,fig. 474., be brought nearer the ball 
b', the ball will depart from its vertical position, and will incline 
itself from the tube in the poution b. 
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Fig. il*. 
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If the two balls, being previously brought into oontact with the 
tube, be placed near each other, as in fg. 475., they will incline from 
each other, departing from the vertical poaitions b and b', and taking 
the positions h and V. 

1698. The elearic _fiuid. — These effects are eiplained by the 
supposition that a aubtle and imponderable fluid has been developed 
npon the glass tube which is self-repulaive ; that by toucbing the 
balls, a portion of this fluid has been imparted to them, which is 
diffused over their surface, and which, for reasons that will hereafter 
appear, cannot escape by the thread of suspension; that the fluid 
remaning on the glass tube repels this fluid diffused on the balls, 
and therefore repels the balls themselves which are invested by the 
fluid; and, in fine, that the fluid difinsed on the one ball repels and 
)B repelled by the fluid diffused on the other ball, and that Uie balls 
being coyered by the fluid are reciprocally repelled. 

A vast body of phenomena, the most important of which will bo 
described in the following chapters, have converted this supposition 
into a certainty, accepted by all scientific authorities. 

The fluid producing these effects is called tbe eleotkic fi.oid. 

1699. Positive and negative electriciiy. — If the hand which holds 
the cloth be covered with a dry silk glove, the cloth, after the friction 
with the glass, will exhibit the same effects as above described. If 
it be brought] into contact, with the balls and separated from them, it 
will repel them, and the balls themselves will repel each other. 

It appears, therefore, that by the friction -the electric fluid is at the 
same time developed on the glass and on the cloth. 
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If after firiction the glass be brought into contact with one ball b^ 
fig, 475., and the cloth with the other b', other effects will be 
observed. The glass, when presented to the ball b', will attract it, 
and the oloth presented to the ball B will attract it. 

The balls, when brought near each other, will now exhibit mutual 
attraction instead of repulsion. 

It follows, therefore, that the electric fluid developed by friction 
on the cloth differs from that developed on the glass, inasmuch as 
instead of being characterized by reciprocal repulsion they are 
mutually attractive. 

The supposition, therefore, which has been briefly stated above will 
require modification. 

1700. Hypothesis of a single electric fluid. — According to some, 
the effect of the friction is to deprive the cloth of a portion of its 
natural charge of electricity, and to surcharge the glass with what 
the cloth loses ; and accordingly the glass is said to be positively, and 
the cloth negatively electrified. 

On this supposition, bodies in their natural state have always a 
certain charge or dose of the electric fluid, the repulsive effect of 
which is neutralized by the attraction exercised by the body upon it. 
The electric equilibrium which constitutes this natural state may be 
deranged, either by overcharging the body with the electric fluid, or 
by withdrawing from it a part of what it naturally possesses. In the 
former case, the repulsion of the surplus charge not being neutralized 
by the attraction of the body takes effect. In the latter case, the 
attraction of the body being more than equal to the repulsion of the 
charge of electricity upon it, will take effect upon any electricity 
which may come within the sphere of its action. 

This, which is called the single fluid theory, was the hypo- 
thesis adopted by Franklin, and after him by most English 
electricians until recently, when phenomena were developed in 
experimental researches, of which it failed to afford a satisfactory 
explanation; and, accordingly, the hypothesis of two fluids, which 
was generally received on the Continent, has found more favour also 
in England. 

1701. Hypothesis of two fluids. — According to the theory op 
TWO FLUIDS, bodies in their natural or uneleotrified state are charged 
with a compound electric fluid consisting of two constituent, called by 
some the vitreous and resinous, and by others the positive and 
NEGATIVE, fluids. Thesc fluids are each self-repulsive, but are 
mutually attractive. When they pervade a body in equal quantity, 
their mutual attractions, neutralizing each other, keep them in repose, 
like equal weights suspended from the arms of a balance. .When 
either is in excess, the body is positively or negatively electrified, as 
the case may be, the attraction or repulsion of the surplus of the 
redundant fluid being effective. 



ELECTRICAL ATTRACTIONS AND REPULSIONS. -225 

1702. Results of scientific research independent of these hypo- 
theses. — Since the language in which the phenomena of electricity 
are descrihed and explained must necessarily have relation to these 
hypotheses, it has been necessary in the first instance thus briefly to 
state them. It must, however, be remembered, that the question of 
the validity of these theories does not aflPect the conclusions which 
will be deduced from observation, the proper use of hypotheses being 
limited to their convenience in supplying a nomenclature to the 
science and in grouping and classifying the phenomena. 

1703. Hypothesis of two fiuids' preferred. — The hypothesis of 
two fluids supplying, on the whole, the most complete and satisfactory 
explanation of the phenomena, is that which we shall here generally 
adopt; but we shall retain the terms positive and negative 
electricity, which, though they are derived originally from the theory 
of a single fluid, are generally adopted by scientific writers who adhere 
to the other hypothesis. 

1704. Uxplanatio7i of the above effects produced hy the pith 
halls. — We are then to consider that when the glass tube and 
woollen cloth are submitted to mutual friction, their natural electri- 
cities are decomposed, the positive fluid passing to the glass, and the 
negative to the cloth. The glass thus becomes surcharged with 
positive, and the cloth with negative, electricity. 

The pith ball b, fig. 475., touched by the glass, receives the 
positive fluid from it, and the pith ball b' touched by the cloth 
receives the negative fluid from it. The ball B therefore becomes 
positively, and the ball b' negatively, electrified by contact. 

Since the contrary electricities are mutually attractive, the balls b 
and b' in this case attract each other ; and, since like electricities are 
mutually repulsive, the glass rod repels the ball B, and the cloth 
repels the ball b'. 

1705. Electricity developed hy various hodies. — ^A numerous class 
of bodies, when submitted to friction, produce elTects similar to those 
described in the case of glass and woollen cloth. 

If a stick of resin or sealing-wax be rubbed by a woollen cloth, 
like effects will follow : but, in this case, the electricity of the wax 
or resin will be contrary to that of the glass, as may be rendered 
manifest by the pith balls. K b be electrified by contact with the 
glass, and b' by contact with the resin or wax, they will attract each 
other, exactly as they did when b' was electrified by contact with the 
cloth rubbed upon the glass. 

It appears, therefore, that while glass is positively, resin is 
negatively, electrified by the friction of woollen cloth. 

1706. Origin of the terms vitreous and resinous fluids. — It was 
this circumstance which gave the name of vitreous electricity to 
the positive, and resinous electricity to the negative fluid. 
This nomenclature is, however, faulty ; inasmuch as there are certain 
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substances by the friction of which glass will be negatively electrified, 
and others by which resin will be positively electrified. 

When a woollen cloth is rubbed on resin or wax which, as has 
been stated, it electrifies negatively, it is itself electrified positively ; 
since the natural fluid being decomposed by the friction, and the 
negative element going to the resin^ the positive element must be 
developed on the cloth. 

Thus it appears that the woollen cloth may be electrified by friction 
either positively or negatively, according as it is rubbed upon resin 
or upon glass. 

1707. No certain test to determine which of the "bodies submitted 
to friction receives positive^ and which negative, electricity. — In 
general, when any two bodies are rubbed together, electricity is 
developed, one of them being charged with the positive, and the 
other with the negative, fluid. A great number of experimental 
researches have from time to time been undertaken, with a view to 
the discovery of the physical law which determines the distribution 
of the constituent electric fluids in such cases between the two bodies, 
00 that it might in all cases be certainly known which of the two 
would be positively, and which negatively, electrified. These inqui- 
ries, however, have hitherto been attended with no clear or certain 
general consequences. 

It has been observed, that hardness of structure is generally 
attended with a predisposition to receive positive electricity. Thus, 
the diamond, submitted to friction with other stones or with glass, 
becomes positively electrified. Sulphur, when rubbed with amber, 
becomes negatively electrified, the amber being consequently posi- 
tive ] but if the iimber be rubbed upon glass or diamond, it will be 
negative. 

It is also observed that when heat is developed by the friction of 
two bodies, that which takes most heat is negatively, and the other 
positively, electrified. 

In short, the decomposition of the electricity and its distribution 
between the rubbing bodies is governed by conditions infinitely 
various and complicated. 

An elevation of temperature will frequently predispose a body to 
take negative, which would otherwise take positive, electricity. An 
increase of polish of the sarface produces a predisposition for the 
positive fluid. The colour, the molecular arrangement, the direction 
of the fibres in a textile substance, the direction in which the friction 
takes place, the greater or less pressure used in producing it, all aflect 
more or less in particular cases the interchange of the fluids and the 
relative electricities of the bodies. Thus, a black silk ribbon rubbed 
on one of white silk takes negative electricity. If two pieces of the 
game ribbon be rubbed transversely, one being stationary and the 
other moved upon it, the former takes positive, the latter negative. 
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electricity. iBpinus found that copper and sulphur rubbed together, 
and two similar plates of glass, evolved electricity, but that the inter- 
change of the fluids was not always the same. There are substances, 
disthene, for example, which, when submitted to fi:;iction, develope 
positive electricity at some parts, and negative at other parts of their 
surface, a^hough their structure and the state of the surface be 
perfectly uniform. 

1708. Classification of 'positive and negative substances. — Of all 
known substances, a cat's fur is the most susceptible of positive, and 
probably sulphur of negative electricity. Between these extreme 
substances others might be so arranged, that any substance in the list 
being rubbed upon any other, that which holds the higher place wiU 
be positively, and that which holds the lower place negatively, elec- 
trified. Various lists of this kind have been proposed, one of which 
is as follows : — 



1. For of a oat 

2. Polished glass. 

3. Woollen oloth. 

4. Feathers. 

5. Wood. 



6. Paper. 

7. Silk. 

8. Gum lac. 

9. Rough glass. 



Pfaff gives the following : — 



1. Fur of a cat. 

2. Diamond. 

3. Fur of a dog. 

4. Tourmaline. 

5. Glass. 

6. Wool. 

7. Paper. 



Eitter proposes the following — 

1. Diamond. 

2. Zinc. 

3. Glass. 

4. Copper. 
6. Wool. 



8. White sUk. 

9. Black silk. 

10. Sealing-wax. 

11. Colophon. 

12. Amber. 

13. Sulphur. 



6. Silver. 

7. Black silk. 

8. Grey silk. 

9. Grey manganeseous earth. 
10. Sulphur. 



1709. Method of producing electricity hy glass and silk vyith 
amalgam. — Experience has proved that the most efficient means 
of developing electricity in great quantity and intensity is by the 
friction of glass upon a surface of silk or leather smeared with an 
amalgam composed of tin, zinc, and mercury, mixed with some unc- 
tuous matter. Two parts of tin, three of zinc, and four of mercury, 
answer very well. Let some fine chalk be sprinkled on the surface 
of a wooden cup, into which the mercury should be poured hot. Let 
the zinc and tin melted together be then poured in, and the box be- 
ing closed and well shaken, the amalgam may be allowed to cool. It 
is then finely pulverized in a mortar, and being mixed with unctuous 
matter, may be applied to the rubber. 
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CHAP. II. 

CONDUCTION. 

1710. Conducting power, — Bodies differ from each other in a 
striking manner in the freedom with which the electric fluid moves 
upon them. If the electric fluid be imparted to a certain portion of 
the surface of glass or wax, it will be confined strictly to that portion 
of the surface which originally receives it, by contact with the source 
of electricity ; but if it be in like manner imparted to a portion of 
the surface of a metallic body, it will instantaneously diffuse itself 
uniformly over the entire extent of such metallic surface, exactly as 
water would spread itself uniformly over a level surfisice on which it 
is poured. 

1711. Conductors and non-conductors. — The former class of 
bodies, which do not give free motion to the electric fluid on their 
surface, are called non-conductors ; and the latter, on which unli- 
mited freedom of motion prevails, are called conductors. 

1712. Classification of conductors according to the degrees of 
their conducting power. — Of all bodies the most perfect conductors 
are the metals. These bodies transmit electricity instantaneously, 
and without any sensible obstruction, provided their dimensions are 
not too small in relation to the quantity of electricity imparted to 
them. 

The bodies named in the following series possess the conducting 
power in different degrees in the order in which they stand, the most 
perfect conductor being first, and the most perfect non-conductor last 
in the list. The black line divides the most imperfect conductors 
from the most imperfect non-conductors, but it must be observed that 
the position of this line is arbitrary, the exact relative position of 
many of the bodies composing the series not being certainly ascer- 
tained. The series, however, will be useful as indicating generally 
the bodies which, have the conducting and non-conducting property 
in a greater or less degree. 



All the metals. 

"Well-burnt charcoal. 

Plumbago. 

Concentrated acids. 

Powdered charcoal. 

Dilute acids. 

Saline solutions. 

Metallic oces. 

Animal fluids. 

Sea-water. 

Spring-water. 

Rain-water. 

Ice above 13° Fahrenheit. 

Snow. 



Living vegetables. 

Living animals. 

Flame. 

Smoke. 

Steam. 

Salts soluble in water. 

Rarefied air. 

Vapour of alcohoL 

Vapour of ether. 

Moist earth and stones. 

Powdered glass. 

Flowers of sulphur. 



Dry metallic oxides. 
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Oils, the heayiest the best. 




Pafchment. 


Ashes of vegetable bodies. 




Dry paper. 


Ashes of animal bodies. 




Feathers. 


Many transparent crystals, dry. 


Hair. 


Ice below 13° Fahrenheit. 




Wool. 


Phosphorus. 




Dyed silk. 


Lime. 




Bleached silk. 


Dry chalk. 




Baw silk. 


Native carbonate of baryta. 




Transparent gems. 


Lycopodium. 




Diamond. 


Caoutchouc. 




Mica. 


Camphor. 




All vitrefactlons. 


Some siliceous and argillaceous 


Glass. 


stones. 




Jet. 


Dry marble. 




Wax. 


Porcelain. 




Sulphur. 


Dry vegetable bodies. 




Resins. 


Baked wood. 




Amber, 


Dry gases and air. 




Gum-lac. 


Leather. 
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1713. Insulators, — Good non-conductors are also called insula- 
tors, because when any body suspended by a non-conducting thread, 
or supported on a non-conducting pillar, is charged with electricity, 
such charge will be retained, since it cannot escape by the thread or 
pillar, which refuses a passage to it in virtue of its non-conducting 
quality. 

Thus, a globe of metal supported on a glass pillar or suspended 
by a silken cord, being charged with electricity, will retain the charge ; 
whereas, if it were supported on a metallic pillar, or suspended by a 
metallic wire, the electricity would pass away by its free motion over 
the surface of the pillar or the wire. 

1714. Insulating stools, — " Stools formed with glass legs are called 
insulating stools, because any body charged with electricity and 
placed upon them will retain its electric charge. 

1716. Electrics and non-electrics obsolete terms, — Conducting 
bodies were formerly called non-electrics, and non-conducting 
bodies were called electrics, from the supposition that the latter 
were capable of being electrified by friction, but the former not. 

The incapability of conductors to be electrified by friction was, 
however, afterwards, shown to be only apparent, and accordingly the 
use of these terms has been discontinued. 

If a rod of metal be submitted to friction, the electricity evolved 
is first difi*used over its entire surface in consequence of its conduct- 
ing property, and thence it escapes by the hand of the operator which 
holds it, and which, though not as perfect a conductor as the metal, 
is sufficiently so to carry off the electricity, so as to leave no sensible 
trace of it on the metal. 

But if the metallic rod be suspended by a dry silken thread (which 
is a good non-conductor), or be supported on a pillar of glass, and 
then be struck several times with the fur of a cat, it will be found to 

11. 20 
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be negatively electrified; the fur which strikes it being positively 
electrified. 

1716. Two persons redprocoMy charged with contrary electricity 
when placed on insulating stools* — In like manner, two persons 
standing on insulating stools, if one strike the other two or three 
times with the fur of a cat, he that strikes will have his body posi- 
tively, and he that is struck negatively, electrified, as may^ be ascer- 
tained by the method already explained, of presenting to them suc- 
cessively the pith ball b, Jig. 474., previously charged with positive 
electricity. It will be repelled by the body of him that strikes, and 
attracted by that of him who is struck. 

But if the same experiment be made without placing the two per- 
sons on insulating stools, the same effects will not ensue, because, 
although the electricities are developed as before by the action of the 
fur, it immediately escapes through the feet to the ground. 

1717. The atmosphere a nonr conductor, — Atmospheric air must 
manifestly belong to the class of non-conductors, for if it gave a free 
passage to electricity, the electrical effects excited on the surface of 
any body surrounded with it would soon pass away ; and no electrical* 
phenomena of a permanent nature could be produced, unless the 
bodies were removed from the contact of the air. It is found, how- 
ever, that resin and glass, when excited by friction, retain their elec- 
tricity for a considerable time. 

1718. Rarefied air a conductor. — Air, however, when rarefied, 
loses in a great degree its non-conducting property ; and an electri- 
fied body soon loses its electricity when placed in the exhausted 
receiver of an air-pump. 

The electric fluid may therefore be considered as forming a coating 
upon the surface of electrified bodies, and as being held upon them 
by the tension or pressure of the surrounding air. 

1719. Use of the silk string which suspends pith halls. — In the 
experiments described in (1697) et seq. with the pith balls, the 
silken string by which they are suspended acts as an insulator. The 
pith of elder being a conductor, the electric fluid is diffused over 
the ball; but the silk being a non-conductor, it cannot escape. 
If the ball were suspended by a metallic wire attached to a stand 
composed of any conducting matter, the electricity would escape, and 
the effects described would not ensue. But if the metallic wire were 
attached to a glass rod or other non-conductor, the same effects would 
be produced. In that case the electricity would be diffused over the 
wire as well as over the ball. 

1720. Water a conductor. — Water, whether in the liquid or 
vaporous form, is a conductor, though of an order greatly inferior to 
the metals. This fact is of great importance in electrical phenomena. 
The atmosphere contains suspended in it always more or less aqueous 
vapour, the presence of which impairs its non-conducting property 
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Hence; electrical experiments always succeed best in cold and diy 
weather. / 

Hence it appears why the most perfect non-conductors lose their 
virtue if their surface be moist; the electricity passing by the con- 
ducting power of the moisture. 

1721. Insulators must he kept dry, — This circumstance also shows 
why it is necessary to dry previously the bodies on which it is de- 
sired to develope electricity by friction. 

It will be apparent from what has been explained, that it would 
be more correct to designate bodies as good and bad conductors in 
various degrees, than as conductors and non-conductors. There 
exists no body which, strictly speaking, is either an absolute con- 
ductor or absolute non-conductor. 

1722. No certain test to distinguish conductors from no7ircondv/ctr 
ors. — No relation has been discovered between the physical conditions 
which determine the conduction of light and heat, and those which 
determine the conduction of electricity. Electricity is transmitted, 
not like light and heat, through the interior dimensions of bodies, 
but only on their surfaces. Grlass, which is an almost perfect con- 
ductor of light, is a non-conductor of heat and electricity. Sealing- 
wax, which is a non-conductor of electricity, is also a non-conductor 
of light and heat. The metals, on the other hand, are conductors 
of heat and electricity, but are non-conductors of light. Water is a 
conductor of electricity and light, but a non-conductor of heat. 

1723. Conducting power variously affected by temperature. — The 
conducting power of bodies is affected in different ways by their 
temperature. In the metals it is diminished by elevation of temper- 
ature ) but in all other bodies, and especially in liquids, it is aug- 
mented. Some substances, which are non-conductors in the solid 
state, become conductors when fused. Sir H. Davy found that glass 
raised to a red heat became a conductor ; and that sealing-wax, pitch, 
amber, shell-lac, sulphur^ and wax, became conductors when liquefied 
by heat. 

The manner in which electricity is communicated from one body 
to another depends on the conducting property of the body imparting 
and the body receiving it. 

1724. Effects produced by touching an electrified body by a cotv- 
ductor which is not insulated. — ^If the surface of a non-conducting 
body, glass, for example^ be charged with electricity, and be touched 
over a certain space, as a square inch, by a conducting body which 
is not insulated, the electricity which is diffused on the surface of 
contact will pass away by the conductor, but no other part of the 
electricity with which the body is charged will escape. A patch of 
the surface corresponding with the magnitude of the conductor will 
alone be stripped of its electricity. 

The non-conducting property of the body will prevent the electri- 
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dty wbich is diffused over the remainder of its surface from flowing 
into the space thus drained of the fluid by the conductor. 

But if the body thus charged with electricity, and touched by a 
conductor not insulated, be a conductor, the effects produced will be 
very different. In that case, the electricity which covers the surface 
of contact will first pass off; but the moment the surface of contact 
is thus drained of the fluid which covered it, the fluid diffused on the 
surrounding surface will flow in and likewise pass off, and thus all 
the fluid difiiised over the entire surface of the body will rush to the 
surface of contact and escape. These effects, though, strictly speak«- 
ing, successive, will be practically instantaneous; the time which 
elapses between the escape of the fluid which originally covered the 
surface of contact, and that which rushes from the most remote parts 
to the surface of contact, being inappreciable. 

1725. JEffect produced when the touching conductor ts insftitated. 
— ^If a conducting body which is insulated and charged with electri- 
city, be brought into contact with another conducting body, which 
is also insulated and in its natural state, the electricity will diffuse itself 
over the surfaces of both conductors in proportion to their relative 
magnitudes. 

S s express the superficial magnitude of an insulated conducting 
body, E the quantity of electricity with which it is charged, and s' 
the superficial magnitude of the other insulated conductor with which 
it is brought into contact, the charge E will, after contact, be shared 
between the two conductors in the ratio of s to s' ; so that 

a 

E X = the charge retained by s. 

s' 
EX , =■ the charge received by s'. 

1726. Why the earth is called the comTnon reservoir, — If the 
second conductor s' be the globe of the earth, s' will bear a propor- 
tion to s which, practically speaking, is infinite; and consequently 
the quantity of electricity remaining on s, expressed by 

s 

will be nothing. Hence the body s loses its entire charge when put 
in conducting communication with the ground. 

An electrified body being a conductor, is therefore reduced to its 
natural state when put into electric communication with the ground, 
and the earth has been therefore called the common reservoir, to 
which all electricity has a tendency to escape, and to which it does 
in fact always escape, unless its passage is intercepted by non-con- 
ductors. 
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1727. Ekctricily passes hy preference on the test conditctors, — ^If 
several different conductors be simultaneously placed in contact with 
an insulated electrified conductor so as to form a communication be- 
tween it and the ground, the electricity will always escape by the 
best conductor. Thus, if a metallic chain or wire be held in the 
hand, one end touching the ground and the other being brought 
into contact with the conductor, no part of the electricity will pass 
into the handj the chain being a better conductor than the flesh of 
the hand. But if, while one end of the chain touch the conductor, 
the other be separated from the ground, then the electricity will 
pass into the hand, and will be rendered sensible by a conyulsiye 
shock. 



CHAP. III. 

INDUCTION. 

1728. Action of electriciti/ at a distance, — If a body A charged 
with electricity of either kind be brought into proximity with another 
body B in its natural state, the fluid with which A is surcharged will 
act by attraction and repulsion on the two constituents of the natural 
electricity of B, attracting that of the contrary, and repelling that of 
the same kind. This efliect is precisely similar to that produced on 
the natural magnetic fluid in a piece of iron when the pole of a mag- 
net is presented to it. 

If the body B in this case be a non-conductor, the electric fluid 
haviog no free mobility on its surface, its decomposition will be re- 
sisted, and the body B will continue in its natural state notwithstand- 
ing the attraction und repulsion exercised by A on the constituents 
of its natural electricity. But if B be a conductor, the fluids having 
freedom of motion on its surface, the fluid similar to that with which 
B is charged will be repelled to the side most distant from b, and the 
contrary fluid will be attracted to the side next to B. Between these 
regions a neutral line will separate those parts of the body b over 
which the two opposite fluids are respectively diflused. 

1729. Induction defined. — This action of an electrified body ex- 
erted at a distance upon the electricity of another body is called 
INDUCTION, and is evidently analogous to that which produces similar 
phenomena in the magnetic bodies (1630). 

1730. Experimental exhibition of its effects. — To render it ex- 
perimentally manifest, let s and s', fig. 476., be two metallic balls 
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supported on glass pillars; and let A A' be a metallic cylinder simi- 
larly mounted, whose length is ten or twelve times its diameter, and 
whose ends are rounded into hemispheres. Let s be strongly charged 




Fig. 476. 

with positive, and s' with negative electricity, the cylinder A A" being 
in its natural state. 

Let the ball& s and s' be placed near the ends of the cylinder A 
a', their centres being in line with its axis, as represented in the 
figure. The positive electricity of s will now attract the negative, 
and repel the positive constituent of the natural electricity of A A', 
so as to separate them, drawing the negative fluid towards the end 
A, and repelling the positive fluid towards the end a'. The negative 
electricity of s will produce a like eflfect, repelling the negative elec- 
tricity of A A' towards A, and drawing the positive towards a'. 

Since the cylinder A a' is a conductor, and therefore the fluids 
have freedom of motion on its surface, this decomposition will take 
effect, and the half o A of the cylinder next to s will be charged with 
negative, and the half o a' next to s' with positive electricity. 

That such is in fact the condition of A a' may be proved by pre- 
senting a pith ball (1697) pendulum charged with positive electricity 
to either half of the cylinder. When presented to o a' it will be 
repelled, and when presented to o a it will be attracted. 

If the two balls s s' be gradually removed to increased but equal 
distances from the ends A and a', the recomposition of the fluids 
will gradually take place ; and when the balls are altogether removed 
the cylinder A a'* will recover its natural state, the fluids which had 
been separated by the action of the balls being completely recom- 
bined by their mutual attraction. 

Let a metallic ring n', fig, ^11., be supported on a rod or hook 
of glass 71, and let two pith balls h h' be suspended from it by fine 
wires, so that when hanging vertically they shall be in contact. Let 
a ball of metal r, strongly charged with positive electricity, be placed 
over the ring n' at a distance of eight or ten inches above it. The 
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presence of this ball will immediately cause the pith balls to repel 
each other, and they will diverge to increased distances the nearer 

the ball r is brought to the ring rtf. Jf the ball r 
be gradually raised to greater distances from the 
ring, the balls h h' will gradually approach each 
other, and will fall to their position of rest verti- 
cally under the ring when the b^U r is altogether 
removed. 
\ If the charge of electricity of the balls s and s', 

\ fy' 476, or of the ball r, fig, 477., be gradually 
\ diminished, the same effect will be produced as 
\ when the distance is gradually increased; and, in 
> ^^ like manner, the gradual increase of the charge of 
electricity will have the same effect as the gradual 
Fig. 477. diminution of the distance from the conductor on 
which the action takes place. 
If the ring n', the balls h ft', and the connecting wire be first 
feebly charged with negative electricity, and then submitted to the 
inductive action of the ball r charged with positive electricity, placed, 
as before, above the ring, the following effects will ensue. When 
the ball r approaches the ring, the balls h 6', which previously 
diverged, Will gradually collapse until they come into contact. As 
the ball r is brought still nearer to n', they will again diverge, and 
will diverge more and more, the nearer the ball r is brought to the 
ring. ^ * 

These various effects are easily and simply explicable by the action 
of the electricity of the ball r on that of the ring. When it ap- 
proaches the ring, the positive electricity with which it is charged 
decomposes the natural electricities of the ring, repelling the positive 
fluid towards the balls. This fluid combining with the negative fluid 
with which the balls are charged, neutralizes it, and reduces them 
to their natural state : while this effect is gradually produced, the 
balls h h' lose their divergence and collapse. But when the ball r 
is brought still nearer to the ring, a more abundant decomposition of 
the natural fluid is produced, and the positive fluid repelled towards 
the balls is more than enough to neutralize the negative fluid with 
which they are charged ; and the positive fluid prevailing, the balls 
again diverge with positive electricity. 

These effects are aided by the attraction exerted by the positive 
electricity of the ball r on the negative fluid with which the balls h 
b' are previously charged. 

If the electrified ball, instead of being placed above the ring, be 
placed at an equal distance below the balls h 6', a series of effects 
will be produced in the contrary order, which the student will find 
no difficulty in analyzing and explaining. 

If the ball r be charged with negative electricity, it will produce 



236 ELBOTBICITT. 

the same effects when presented above the ring as when^ being charged 
with positive electricity, it is presented below it. 

In all cases whatever, the conductor whose electrical state has been 
changed by the proximity of an electrified body returns to its primi- 
tive electrical condition when the disturbing action of such body is 
removed ; and this return is either instantaneous or gradual, accord- 
ing as the removal of the disturbing body is instantaneous or gradual. 

171^1. Effects of sudden inductive action, — ^It appears, therefore, 
that sudden and violent changes in the electrical condition of a con- 
ducting body may take place, without either imparting to or abstract- 
ing from such body any portion of electricity. The electricity with 
which it is invested before the inductive action commences, and after 
such action ceases, is exactly the same ; nevertheless, the decompo- 
sition and recomposition of the constituent fluids, and their motion 
more or less sudden over it and through its dimensions, are productive 
often of mechanical effects of a very remarkable kind. This is espe- 
cially the case with imperfect conductors, which offer more or less 
resistance to the reunion of the fluids. 

1732. Example in the case of a frog, — Let a frog be suspended 
by a metallic wire which is connected with an insulated conductor, 
and let a metallic ball, strongly charged with positive electricity, be 
brought under without, however, touching it. The effects of induc- 
tion already described will ensue. The positive fluid will be repelled 
from the frog towards the insulated conductor, and the negative fluid 
will be attracted towards it, so that the body of the frog will be 
negatively electrified ; but this taking place gradually as the electri- 
fied ball approaches, is attended with no sensible mechanical effect. 

If the electrified ball, however, be suddenly discharged, by con- 
necting it with the ground by a conductor, an instantaneous revulsion 
of the electric fluids will take place between the body of the frog 
and the insulated conductor, with which it is connected ; the positive 
fluid rushing from the conductor, and the negative fluid from the frog, 
to recombine in virtue of their mutual attraction. This sudden 
movement of the fluids will be attended by a convulsive motion of 
the limbs of the frog. 

1733. Inductive shoch of the human hody, — If a person stand 
close to a large conductor strongly charged with electricity, he will 
be sensible of a shock when this conductor is suddenly discharged. 
This shock is in like manner produced by the sudden recomposition 
of the fluids in the body of the patient, by the previous inductive 
action of the conductor. 

1734. Developrnjcnt of electricity hy induction. — A conductor 
may be charged with electricity by an electrified body, though the 
latter shall not lose any of its own electricity or impart any to the 
conductor so electrified. For this purpose, let the conductor to be 
electrified be supported on a glass pillar so as to insulate it, and let 
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it then be connected with the ground by a metallic chain or wire. 
If it be desired to charge it with positive electricity, lei/ a body 
strongly charged with negative electricity be brought close to it with- 
out touching it. On the principles already explained, the negative 
electricity of the conductor will be repelled to the ground through 
the chain or wire ; and the positive electricity will, on the other 
hand, be attracted from the ground to the conductor. Let the chain 
or wire be then removed, and, afterwards, let the electrified body by 
whose inductive action the effect is produced be removed. The con- 
ductor will remain charged with positive electricity. 

It may in like manner be charged with negative electricity, by the 
inductive action of a body charged with pqsitive electricity. 



CHAP. IV. 

ELECTRICAL MACHINES. 

r 

' 1735. Parts of electrical machines, — An electrical machine is an 
apparatus by means of which electricity is developed and accumulated 
in a convenient manner for the purposes of experiment. 

All electrical machines consist of three principal parts, the rubber, 
the body on whose surface the electric fluid is evolved, and one or 
more insulated conductors, to which this electricity is transferred, 
and on which it is accumulated. 

The rubber is a cushion stuffed with hair, bearing on its surface 
some substance, which by friction will evolve electricity. The body 
on which this friction is produced is glass, so shaped and mounted 
as to be easily and rapidly moved against the rubber with a continu- 
ous motion. This object is attained by giving the glass the form 
either of a cylinder revolving on its geometrical axis, or of a (arcular 
plate revolving in its own plane on its centre. 

The conductors are bodies having a metallic surface and a great 
variety of shapes, and always mounted on insulating pillars, or sus- 
pended by insulating cords. 

1736. The common cylindrical machine, — ^A hollow cylinder of 
glass A B, jig, 478., is supported in bearings at o, and made to 
revolve by means of the wheels c and d connected by a band, a 
handle r being attached to the greater wheel. The cushion h, 
represented separately in fig, 479., is mounted on a glass pillar, and 
pressed ^ith a regulated force against the cylinder by means of 
springs fixed behind it. A chain k l, fijg, 478., connects the cushion 
with the ground. A flap of black silk equal in width to the cushion 
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covers it, and is carried over the cylinder, terminating above the 
middle of the cylinder on the opposite side. 

The conductor is a cylinder of thin brass M n, the ends of which 
are parts of spheres greater than hemispheres. It is supported by a 

glass pillar o P. To the end of the conductor 
next the cylinder is attached a row of points 
represented separately in fig, 480., which are 
presented close to the surface of the cylinder, 
but without touching it. The extent of this 
Fig. 480. I'ow of points corresponds with that of the 

rubber. 
As the efficient performance of the machine depends in a great 
degree on the good insulation of the several parts, and as glass is 
peculiarly liable to collect moisture on its surface which would impair 
its insulating virtue, it is usual to cover the insulating pillars of the 
rubber and conductor, and all that part of the cylinder which lies 
outside the cushion and silk flap, with a coating of resinous varnish, 
which, while its insulating property is more peifect than that of glass, 
offers less attraction to moisture. 

To explain the operation of the machine, let us suppose that the 
cylinder is made to revolve by the handle R. Positive electricity is 
developed upon the cylinder, and negative electricity on the cushion. 
The latter passes by the conducting chain to the ground. The 
former is carried round under the flap, on the surface of the glass, 
until it arrives at the points projecting from the conductor. There 
it acts by induction (1729) on the natural electricity of the conduc- 
tor, attracting the negative electricity to the points and repelling the 
positive fluid. The negative electricity issuing from the points 
combines with and neutralizes the positive fluid diffused on the 
cylinder, the surface of which, after it passes the points, is therefore 
restored to its natural state, so that when it arrives again at the 
cushion it is prepared to receive by friction a fresh charge of the 
positive fluid. 

It is apparent, therefore, that the effect produced by the operation 
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of this maclime ia a ooutiniious decomposition of the natural electri- 
city of the cosductors, aod an abBtraotion from it of juat eo much 
negative fluid as compensates for that which escapes by the cushion 
and chain E L to the earth. The conductor is thus as it vere drained 
of its negative electricity by a stream of that fluid, which flowing 
couBtantly from the points passes to the cylinder, and thence by the 
cushion and chain to the earth. Tlie conductor is therefore left sur- 
charged with positive electricity. 

1737. JVatrne's cylinder macMne. — This apparatus, which is 
adapted to produce at pleasure either positive or negative electricity, 
b similar to the last, but has a second conductor iir,Jiff. 481., in 
connection with the cushion. When it is tiesired to collect positive 
eleclriaity, the conductor m f ia put in connection with the ground, 
and the machine acts as that described above. When it is desired 
to collect negadvo electricity, the conductor m' b is put in connec- 
tion with the ground, and the conductor m f is insulated. In this 
case a stream of positive electricity flows continually from M P 
through the cushion to the cylinder, and thence by the conductor 
h' B to the ground, leaving the conductor M w charged with negatdve 
electricity. 



Fig. JSI. :Kg. 482. 

1738. Common plate machine. — This apparatus consists of a cir- 
cular plate of glass a b. Jiff. 482., mounted as represented in the 
figure. It is embraced lietween two pair of ouahions at £ and e', a 
corresponding vridth of the glass being covered by a silk aheathiug 
extending to P*, where the points of the conductors are preseotecL 
The handle being turned in the direction of the arrow, and the 
cushions being connected by conducting chains with the ground, 
positive electricity is developed on the glass, and neutralized as in 
the cylinder machme, by the negative electricity received by induction 
from the conductors, which consist of a long narrow cylinder, bent 
into a form to adapt it to the plate. It is represented at m n, a 
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branch M o being carried parallel to the pkte and bent into the form 
M o P Q, so that the part p Q shall be presented close to the plate 
under the edge of the silk flap. A similar branch of the conductor 
extends on the other side^ terminating just above the edge of the 
lower silk flap. 

The principle of this machine is similar in all respects to that of 
the common cylinder machine. With the same weight and bulk, the 
extent of rubbing surface, and consequently the evolution of electri- 
city, is much greater than in the cylinder machines. 

1739. Armstrong's hydro-electrical machine, — A new species of 
electric machine has resulted from the accidental observation of an 
electric shock produced by the contact of a jet of high pressure steam 
issuing from a boiler at Newcastle-on-Tyne in 1840. Mr. Armstrong 
of that place took up the inquiry, and succeeded in contriving a ma- 
chine for the production and accumulation of the electricity by the 
agency of steam. Professor Faraday investigated the theory of the 
apparatus, and showed that the origin of the electrical development 
was the friction of minute aqueous particles produced by the partial 
condensation of the steam against the surface of the jet from which 
the steam issued. 

The hydro-electric machine has since been constructed in variouB 
forms and dimensions. 

Let a cylindrical boiler a, fig, 483., whose length is about twice 
its diameter, be mounted on glass legs i;, so as to be in a state of 
insulation. 

/is the furnace door, the furnace being a tube within the boiler. 

8 is the safety-valve. 

h is the water-gauge, a glass tube indicating the level of the water 
in the boiler. 

9* a regulating valve, by which the escape of steam from the boiler 
may be controlled. 

t a tube into which the steam rushes as it escapes from r. 

e three or more jet pipes, through which the steam passes from <, 
and from the extremities of which it issues in a series of parallel 
jets. 

d a condensing box, the lower half of which contains water at the 
common temperature. 

g the chimney. 

g' an escape pipe for the vapour generated in the condensing 
box d. 

h the conductor which takes from the steam the electricity which 
issues with it from the jet pipes e. 

h the knob of the conductor from which the electricity may be 
received and collected for the purpose of experiment. 

The jet pipes e traverse the middle of the condensing box d, above 
the surface of the water contained in it. Meshes of cptton thread 
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Fig. *83. 
snrrmuid those tubes within the box, the eoda of which are immersed 
in the water. The water ia drawn up by the capillary action of these 
threads, so aa to smronnd the tubes with a moist coating, which by 
its low temperature produces a slight condenaatioa of the steam as it 
passes through that part of the tube. 

The fine aqueous particles thus produced within the tnbe are 
carried forwaid with the steam, and on issuing through the jet pipe 
rub agaiDst its sides. This friction decomposes the natural electricity, 
the negative fluid remaining on the jet, and the poutive being 
carried out with the particles of water, and imparted by them to the 
conductor ft. 

It will be apparent that in this arrangement the interior surface 
of the jet playa the part of the rubber of the ordinary machine, and 
the particles of water that of the glass cylinder or plate, the steam 
being the moving power which maintdns the &iction. 

« In order to ensure the efGoiency of the fric- 
1 tion, the conduit provided for the escape of the 
I steam is not straight but angular. 
I A section of the jet pipe near its extremity is 
I represented iojig- 483 a. The steam issuing 
I from the bos ft encounters a plate of metal m 
Fig. 1S3 a. which intercepts its direct passage to the mouth 

21 
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of the jet. It is compelled to turn downwards, pass under the edge 
of this plate, and, rising behind it, turn again into the escape pipe, 
which is a tube formed of partidge wood enclosed within the metal 
pipe n. 

It is found that an apparatus thus constructed, the length of the 
boiler being 32 inches and its diameter 16 inches, will develope as 
much electricity in a given time as three common plate machines, 
whose plates have a diameter of 40 inches, and are worked at the 
rate of 60 revolutions per minute. 

A machine on this principle, and on a great scale of magnitude, 
was erected by the Royal Polytechnic Institution of London, the 
boiler of which was 78 inches long, and 42 inches diameter. The 
maximum pressure of the steam at the commencement of the opera- 
tion was sometimes 90 lbs. per sq. inch. This, however, fell to 40 
lbs. or less. Sparks have been obtained from the conductor at the 
distance of 22 inches. 

1740. Appendages to electrical machines, — To facilitate the per- 
formance of experiments, various accessories are usually provided 
with these machines. 

1741. Jnsidating stools, — Insulating stools, constructed of strong, 
hard wood, well baked and dried, and supported on legs of glass 
coated with resinous varnish, are useful when it is required to keep 
for any time any conducting body charged with electricity. The 
body is placed on one of these stools while it is being electrified. 

Thus, two persons standing on two such stools, may be charged, 
one with positive, and the other with negative, electricity. If, when 
so charged, they touch each other, the contrary electricities will 
combine, and they will sustain a nervous shock proportionate to the 
quantity of electricity with which they were charged. 

1742. Discharging rods, — Since it is frequently necessary to 
observe the effects of points and spheres, pieces such as figs, 484, 
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485, are provided, to be inserted in holes in the conductors ; also 
metallic balls, Jigs, 486, 487., attached to glass handles for cases in 
which it is desired to apply a conductor to an electrified body with- 
out allowing the electricity to pass to the hand of the operator. With 
these rods the electricity may be taken from a conductor gradually 
by small portions, the ball taking by each contact only such a fraction 
of the whole charge as corresponds to the ratio of the surface of the 
ball to the surface of the conductor. 

1743. Jointed dischargers. — To establish a temporary connection 
between two conductors, or between a conductor and the ground, the 
jointed dischargers, figs, 488, 489., are useful. The distance between 
the balls can be regulated at pleasure by means of the joint or hinge 
by which the rods are united. 

1744. Universal discharger, — The universal discharger, an in- 
strument of considerable convenience and utility in experimental 
researclies, is represented in^^. 490. It consists of a wooden table 
to which two glass pillars A and a' are attached. At the summit of 
these pillars are fixed two brass joints capable of revolving in a hori- 
zontal plane. To these joints are attached brass rods c c', terminated 
by balls d d', and having glass handles E £'. These rods play on 
joints at b b', by whiph they can be moved in vertical planes. 




Pig. 490. 

The balls dd' are applied to a wooden table sustained on a pillar 
capable of having its height adjusted by a screw T. On the table is 
inlaid a long narrow strip of ivory extending in the direction of the 
balls D d'. These balls D d' can be unscrewed, and one or both may 
be replaced by forceps, by which may be held any substance through 
which it is desired to transmit the electric charge. One of the brass 
rods is connected by chain or a wire with the source of electricity, 
and the other with the ground. 

The electricity is transmitted by bringing the balls D d' with the 
substance to be operated on between them, within such a distance of 
each other as will cause the charge to pass from one to the other 
through the introduced substance. 
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CHAP. V. 

CONDENSER AND ELECTBOPHOBUS. 

1745. Reciprocal inductive effecU of two conductors, — If a con- 
ductor A communicatiDg with the ground be placed near another 
conductor B insulated and charged with a certain quantity of electri- 
city E, a series of eflFects will ensue by the reciprocal inductive power 
of the two conductors, the result of which will be that the quantity 
of electricity with which B is charged will be augmented in a certain 
proportion, depending on the distance between the two conductors 
through which the inductive force acts. The less this distance is the 
more energetic the induction will be, and the greater the augmentation 
of the charge of the conductor B. 

To explain this, we are to consider that the electricity E, acting on 
the natural electricity of A, repels a certain quantity of the fluid of 
the same name to the earth, retaining on the side of A next to B the 
fluid of the contrary name. This fluid of a contrary name thus de- 
veloped in A reacts upon the natural electricity of B, and produces a 
decomposition in the same manner, augmenting the charge E by the 
fluid of the same name decomposed, and expelling the other fluid to 
the more remote side of b. Q'his ii^reased fluid in B again acts upon 
the natural electricity of A, producing a further decomposition ; and 
this series of reciprocal inductive actions producing a succession of 
decompositions in the two conductors, and accumulating a tide of 
contrary electricities on the sides of the conductors which are pre- 
sented towards each other, goes on through an indefinite series of 
reciprocal actions, which, nevertheless, are accomplished in an inap- 
preciable interval of time \ so that, although the phenomenon in a 
strict sense is physically progressive, it is practically instantaneous. 

To obtain an arithmetical measure of the amount of the augmen- 
tation of the electrical charge produced in this way, let us suppose 
that a quantity of electricity on b, which we shall take as the unit, 
is capable of decomposing on a a quantity which we shall express by 
m, and which is necessarily less than the unit, because nothing short 
of actual contact would enable the electricity of b to decompose an 
equal quantity of the electricity of A. • 

If, then, the unit of positive electricity act from B upon A, it will 
decompose the natural electricity, expelling a quantity of the positive 
fluid expressed by m, and retaining on the side next to B an equal 
quantity of the negative fluid. Now, this negative fluid m acting 
on the natural electricity of b at the same distance will produce a pro- 
portionate decomposition, and will develope on the side of b next to 
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A an additional quantity of the positive fluid, just so much less than 
m as m is less than 1. This quantity will therefore be mxm, 



or m* 



This quantity m* of positive fluid again acting by induction on A, 
will develope, as before, a quantity of negative fluid expressed by 
m*X m, or m*. And in the same manner this will develope on B an 
addditional quantity of positive fluid expressed by m*Xm, or m*. 
These inductive reactions being indefinitely repeated, let the total 
quantity of positive electricity developed on B be expressed by P, 
and the total quantity of negative electricity developed on A by N, 
we shall have 

P=l + m'-|-m*-|-m'+ &c. ad in/, 

N=m+m'-|-m*-f"^^+ &c. ad in/. 

Each of these is a geometrical series; andj^since m is less than 1, 
they are decreasing series. Now, it is proved in arithmetic, that 
although the num^r of terms in such series be unlimited, their sum 
is finite, and that the sum of the unlimited number of terms compos- 
ing the first series is ■= 5- and that of the second = 5. We 

° 1 — m', 1— m* 

shall therefore have 

1 _ w 

In this case we have supposed the original charge of the conductor 
B to be the unit. If it consist of the number of units expressed by 
E, we shall have 

E mXE 
P=n o N== -g. 

It follows, therefore, that the original charge E of the conductor 
B has been augmented in the ratio of 1 to 1 — m* by the proximity 
of the conductor A. 

The less is the distance between the conductors A and b, the more 
nearly m will be equal to 1, and therefore the greater will be the 
ratio of 1 to 1— m", and consequently the greater will be the aug- 
mentation of the electrical charge of b produced by the presence 
of A. 

For example, suppose that A be brought so near B, that the posi- 
tive fluid on B will develope nine-tenths of its own quantity of nega- 
tive fluid on A. In that case m=j®^ = 0*9. Hence it appears, that 
1 — m'*=l— 0*81=0-19 ; and, consequently, the charge of B will be 
augmented in the ratio of 0-19 to 1, or of 19 to 100. 

1T46. Principle 0/ the condenser. — In such cases the electricity 
is said to be condensed on the conductor b by the inductive action 

21* 
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of the conductor a, and apparatus constracted for producing this 
effect are called condensers. 

1747. Dissimulated or latent electricity. — The electricity deve- 
loped in such cases on the conductor A is subject to the anomalous 
condition of being incapable of passing away, though a conductor be 
applied to it. In fact, the conductor a in the preceding experiment 
is supposed to be connected with the earth by conducting matter, 
such as a chain, metallic column, or wire. Yet the charge of elec- 
tricity N does not pass to the earth as it would immediately do if the 
conductor b were removed. 

In like manner, all that portion of the positive fluid P which is 
developed on b by the inductive action of A, is held there by the in- 
fluence of A, and cannot escape even if the conductors be applied in 
contact with it. 

Electricity thus developed upon conductors and retained there by 
the inductive action of other conductors, is said to be lateM or dis- 
simulated. It can always be ^tfree by the removal of the conduc- 
tors by whose induction it is dissimulated. 

1748. Free electricity. — Electricity, therefore, which is developed 
independently of induction, or which, being first developed by indnc- 
tion, is afterwards liberated from the inductive action, is distinguished 
2i&free electricity. 

In the process above described, that part of the charge P of the 
conductor B which is expressed by E, and which was imparted to B 
before the approach of the conductor A, is free^ and continues to be 
free after the approach of e. If a conductor connected with the earth 
be brought into contact with b, this electricity e will escape by it; 
but all the remaining charge of B will remain, so long as the con- 
ductor A is maintained in its position. 

If, however, E be discharged from B, the charge which remains 
will not be capable of retaining in the dissimulated state so great a 
quantity of negative fluid on a as before. A part will be accord- 
ingly set free, and if A be maintained in connection with the ground 
it will escape. If A be insulated, it will be charged with it still, but 
in a free state. 

If this free electricity be discharged from A, the remaining charge 
will not be capable of retaining in the latent state so large a quantity 
of positive fluid on b as previously, and a part of what was dissimu- 
lated will accordingly be set free, and may be discharged. 

In this manner, by alternate discharges from the one and the other 
conductor, the dissimulated charges may be gradually liberated and 
dismissed, without removing the conductors from one another or sus- 
pending their inductive action. 

1749. Forms of condensers. — Condensers are constructed in 
various forms, according to the strength of the electric charges 
they are intended to receive. Those which are designed for strong 
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charges require to have the two conductors separated by the non- 
conductiag medium of some considerable thickness, since, otherwise, 
the attraction of the opposite fluids diffused on A and B would take 
effect ; and they would rush to each other across the separating space, 
breaking their way through the insulating medium which divides 
them. In this case, the distance between A and B being consider- 
able, the condensing power will not be great, nor is it necessary to 
be so, since the charges of electricity are by the supposition not 
small or feeble. 

In case of feeble charges, the space separating the conductors may 
be proportionally small, and, consequently, the condensing power will 
be greater. 

^Condensers are usually constructed with two equal circular plates, 
either of solid metal or having a metallic coating. 

1750. Collecting and condensing plates. — The plate correspond- 
ing to the conductor a in the preceding paragraphs is called the 
CONDENSING PLATE, and that which corresponds to B the collect- 
ing PLATE. The collecting plate is put in communication with the 
body whose electrical state it is required to examine by the agency 
of the condenser, and the condensing plate is put in communication 

with the ground. 

1751. Cuthbertson* s condenser. — A form of 
^^ condenser contrived by Cuthbertson is repre- 
sented in fig. 491. The collecting plate b is 
supported on a glass pillar, and communicates 
by a chain attached to the hook D with the source 
of electricity under examination. The condens- 
ing plate A is supported on a brass pillar, movable 
on a hinge, and communicating with the ground. 
By means of the hinge the disk A may be moved 
to or from B. The space between the plates in 
this case may be merely air, or, if strong charges 
are used, a plate of gUss may be interposed. 

When used for feeble charges, it is usual 
to cover the condensing plate with a thin 
coating of varnished silk, or simply with a 
^ coating of resinous varnish. An instrument 
^ thus arranged is represented in fig. 492., 
where h 6', the condensing plate, is a disk 
of wood coated with varnished silk t i. The 
collecting plate c d has a glass handle m, by 
which it may be raised, and a rod of metal 
a 6 by which it may be put in communication with the source of 
electricity under examination. 

The condensing plate in this case has generally sufficient conduct- 
ing power when formed of wood, but may be also made of metal, and. 
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instead of varnished silk, it may be coated with gam-lac, resin, or 
any other insulator. 

When the plate c d has received its accumulated charge, its con- 
nection with the source of electricity is broken by removing the rod 
ah ; and the plate c d being raised from the condensing plate, the 
entire charge upon it becomes free, and may be submitted to any 
electroscopio test. 

1752. The electrophorus, — A small charge of free electricity may 
by the agency of induction be made to produce a charge of indefinite 
amount, which may be imparted to any insulated conductor. This 
is effected by the electrophoruSf an instrument consisting of a circular 

cake, composed of a mixture of shell-lac, resin, 
and Venice turpentine, cast in a tin motdd 
A B, fig. 493. Upon this is laid a circular 
metallic disk 0, rather less in diameter than 
A B, having a glass handle. 

Before applying the disk 0, the resinous 
A i' * *> T H surface is electrified negatively by striking it 

several times with the £r of a cat. The disk 
Fig. 493. being then applied to the cake A b, and the 

finger being at the same time pressed upon the 
disk C to establish a communication with the ground through the 
body of the operator, a decomposition takes place by the inductive 
action of the negative flui.d on the resin. The negative fluid escapes 
from the disk C through the body of the operator to the ground, and 
a positive charge remains, which is prevented from passing to the 
resin partly by the thin film of air which will always remain between 
them even when the plate c rests upon the resin, and partly by the 
non-conducting virtue of the resin. 

When the disk o is thus charged with positive electricity kept 
latent on it by the influence of the negative fluid on A b, the finger 
•being previously removed from the disk c, let it be raised from the 
resin and the electricity upon it, before dissimulated, will become 
free, and may be imparted to any insulated conductor adapted to 
receive it. 

The charge of negative electricity remaining undiminished on the 
resin A B, the operation may be indefinitely repeated ; so that an in- 
sulated conductor may then be charged to any extent, by giving to 
it the electric fluid drop by drop thus evolved on the disk o by the 
inductive action of a b. 

This is the origin of the name of the apparatus. 
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CHAR VI. 

EIiEOTBOSOOPES. 

1753. General principle of electroscopes, — Electroscopes in general 
consist of two light conducting bodies freely suspended; which hang 
vertically and in contact, in their natural state. When electricity is 
imparted to them they repel each other, the angle of their divergence 
being greater or less according to the intensity of the electricity 
diffused on them. These electroscopic substances may be charged 
with electricity either by direct communication with the electrified 
body, in which case their electricity will be similar to that of the 
body ; or they may be acted upon inductively by the body under ex- 
amination, in which case their electricity may be either similar or 
different from that of the body, according to the position in which 
the body is presented to them. In some cases, the electroscope con- 
sists of a single light conductor to which electricity of a known 
species is first imparted, and which will be attracted or repelled by 
the body under examination when presented to it, according as the 
electricities are like or unlike. 

These instruments vary infinitely in form, arrangement, mode of 
application, and sensitiveness, according to the circumstances under 
which they are placed, and the intensities of the electricities of which 
they are expected to detect the presence, measure the intensity, or 
indicate the quality. In electroscopes, as in all other instruments 
of physical inquiry, the most delicate and sensitive is only the most 
advantageous in those cases in which much delicacy and precision 
are required. A razor would be an ineffectual instrument for felling 
timber. 

1754. Pith hall electroscope. — One of the most simple and gener- 
ally useful electroscopic instruments is the pendulous pith ball already 
mMitioned (1697), the action of which may now be more fully ex- 
plained. When an electrified body is presented to such a ball sus- 
pended by a silken thread, it acts by induction upon it, decomposing 
its natural fluid, attracting the constituent of the contrary name to 
the side of the ball nearest to it, and repelling the fluid of the same 
name to the side most remote from it. The body will thus act at 
once by attraction and repulsion upon the two fluids ; but since that 
of a contrary name which it attracts is nearer to it than that of the 
same name which it repels, and equal in quantity, the attraction will 
prevail over the repulsion, and the ball will move towards the elec- 
trified body. When it touches it, the fluid of a contrary name^ which 
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is diffused round the point of contact, combining witli the fluid 
diffused upon the body, will be neutralized, and the ball will remain 
charged with the fluid of the same name as that with which the body 
is electrified, and will consequently be repelled by it. Hence it will 
be understood why, as already mentioned, the pith ball in its neutral 
state is first attracted to an electrified body, and after contact with it 
repelled by it 

1755. The needle electroscope. — The electric needle is an electro- 
scopic apparatus, somewhat less simple, but more sensitive than the 

pendulum. It consists of a rod of copper ter- 
minated by two metallic balls b and b', fig. 
494, which are formed hollow in order to ren- 
der them more light and sensitive. At the 
middle point of the rod which connects them 
is a conical cup, formed of steel or agate, sus- 
pended upon a fine point, so that the needle is 
exactly balanced, and capable of turning freely 
Fig. 494. round the point of support in a horizontal 

plane, like a magnetic needle. A very feeble 
electrical action exerted upon either of the balls b or b' will be suffi- 
cient to put the needle in motion. 

1756. Couhmbh electroscope. — The electroscope of Coulomb, bet- 
ter known as the balance of torsion, is an apparatus still more sensi- 
tive and delicate for indicating the existence and intensity of electrical 
force. A needle g^^ fi^. 495., formed of gum-lac, is suspended by 
a fibre of raw silk /. At one extremity it carries a small disk e, 
coated with metallic foil, and is so balanced at the point of suspen- 
sion, that the needle resting horizontally is free 
to turn in either direction round the point of 
suspension. When it turns, it produces a degree 
of torsion or twist of the fibre which suspends 
it, the reaction of which measures the force which 
turns the needle. The thread is fixed at the top 
to a small windlass <, by which the needle can be 
raised or lowered, and the whole is included in a 
glass cage, to preserve the apparatus from the 
disturbance of the air. Upon this glass cage, 
which is cylindrical, is a graduated circle d d\ 
which measures the angle through which the 
needle is deflected. In the cover of the cage an 
aperture o is made, through which may be intro- 
duced the electrified body whose force it is desired 

to indicate and measure by the apparatus. 

1757. Quadrant ekctrometer. — This instrument, which is gener- 
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Fig. 496. 



ally used as an indicator on the conductors of electrical 
machines consists of a pillar ab, fig, 496., of any 
conducting substance, terminated at the lower extremity 
by a ball B. A rod, also a conductor, of about half 
the length, terminated by a small pith ball d, plays 
on a centre c in a vertical plane, having behind it an 
ivory semicircle graduated. When the ball b is 
charged with electricity, it repels the pith ball D, and 
^ the angle of repulsion measured on the graduated arc 
supplies a rough estimate of the intensity of the 
electricity. 

1758. Gold leaf electroscope, — A glass cylinder 
A B D, fig, 497., is connected to a brass stand E, and 

closed at the top by a circular plate A B. The brass top G is con- 
nected by a metallic rod with two slips of gold leaf f 
two or three inches in length, and half an inch in breadth. 
In their natural state they hang in contact, but when 
electricity is imparted to the plate G, the leaves becom- 
ing charged with it indicate its presence, and in some 
B degree its intensity, by their divergence. On the sides of 
the glass cylinder opposite the gold leaves are attached 
strips of tinfoil, communicating with the ground. When 
the leaves diverge so much as to touch the sides of the 
cylinder, they give up their electricity to the tinfoil, and 
are discharged. This instrument may also be affected 
inductively. If the electrified body be brought near to 
the plate G, its natural electricity will be decomposed; 
the fluid of the same name as that with which the body is 
charged will be repelled, will accumulate in the gold 

leaves, and will cause them to diverge. 

1759. Condensing electroscope. — The condenseF 
applied to the electroscope supplies an instrument 
which has the same analogy to the common electro- 
scope as the compound has to the simple micro- 
scope. An electroscope with such an appendage is 
represented in fig, 498. The condenser is screwed 
on the top, the condensing plate communicating with 
the electroscope, and the collecting plate being laid 
over it. When the collecting plate is put into com- 
munication with the source of electricity to be 
examined, a charge is produced by induction in the 
condensing plate under it, and a charge of a contrary 
name is collected in the electroscope, the leaves of 

which will diverge in this case with an electricity similar in name to 
that of the body under examination. 




Fig. 497. 




Fig. 498. 
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In the use of instraments of sach extreme sensitiveness^ many 
precautions are necessary to guard against disturbances, which would 
interfere with their indications, and expose the observer to errors. 
The plates of the condenser in some experiments may be exposed to 
chemical action, which^ as will hereafter appear, is always combined 
with the development of electricity. In such cases,. the condenser 
of the electroscope should be composed of gilt plates. The appa- 
ratus is sometimes included in a glass case, to protect it from atmo- 
spheric vicissitudes ; and to preserve it from hygrometric effects, a 
cup of quicklime is placed in the case to absorb the humidity. The 
plates of the condenser attached to electroscopes vary from four to 
ten inches in diameter. When greater dimensions are ^ven to them, 
it is difficult to make them with such precision as to ensure the exact 
contact of their surfaces. 

Becquerel used plates of glass twenty inches in diameter, accu- 
rately ground together with emery, and coated with thin tinfoil. This 
apparatus had *great sensibility, but as the metal was very oxidable, 
the results were disturbed by chemical effects not easily avoided. A 
coating of platinum or gold would have been more free from disturb- 
ing action. 



CHAP. VII. 

THE LEYDEN JAR. 

The inductive principle which has supplied the means* in the case 
of the condenser of detecting and examining quantities of electricity 
so minute and so feeble as to escape all common tests, has placed, in 
the Leyden jar, an instrument at the disposal of the electrician by 
which artificial electricity may be accumulated in quantities so unlim- 
ited as to enable him to copy in some of its most conspicuous effects 
the lightning of the clouds. 

To understand the principle of the Leyden jar, which at one time 
excited the astonishment of all Europe, it is only necessary to inves- 
tigate the effect of a condenser of considerable magnitude placed in 
connection, not with feeble, but with energetic sources of electricity, 
such as the prime conductor of an electrical machine. In such case 
it would be evidently necessary that the collecting and condensing 
plates should be separated by a non-conducting medium of sufficient 
resistance to prevent the union of the powerful charges with which 
they would be invested. 
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Let A By Jig. 499.^ represent the 
collecting plate of such a condenser^ 
connected by a chain k with the con- 
ductor E of an electric machine ; and 
let a' b' be the condensing plate con- 
nected by a chain k' with the ground. 
Let c D be a plate of glass interposed 
between a' b' and a b. 

Let e express the quantity of elec- 
tricity with which a superficial unit of 
the conductor £ is charged. It follows 
that e will also express the free elec- 
tricity on every superficial unit of the 
collecting plate A b ; and if the total 
charge on each superficial unit of A B^ 

free and dissimulated, be expressed by a, we shall, according to what 

has been already explained; have 




Wig. 499. 



e 



a-. 



1-m*- 



The charge on the superficial unit of the condensing plate a' b' 
being expressed by a', we shall have 



a=:wxa=: 



mxe 



which will be wholly dissimulated. 

If s express the common magnitude of the two plates A' b' and 
A B, and E express the entire quantity of electricity accumulated on 
A B, and e' that accumulated on a' b', we shall have 

sxe 
E=sxa== 



V 



E'=SXa'= 



1— w 



sxmxe 



It is evident, therefore, that the quantity of electricity with which 
the plates A B and a' b' will be charged, will be augmented, firstly, 
with the magnitude (s) of the plates ; secondly, with the intensity 
(e) of the electricity produced by the machine upon the conductor E ; 
and thirdly, with the thinness of the glass plate c d which separates 
the plates A' b' and A B. The thinner this plate is, the more nearly 
equal to 1 will be the number m, and consequently the less will be 
1 — m*, and the greater the quantity E. 

When the machine has been worked until e ceases to increase, the 
charge of the plates will have attained its maximum. Let the chains 
K and k' be then removed, so that the plates A B and a' b' shall be 
insulated, being charged with the quantities of electricity of contrary 
names expressed by £ and e'. 

II. 22 
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If a metallic wire W; or any other conductor, be now placed so as 
to connect the plate A b with the plate a' b', the free electricity on 
the former passing along the conductor w will flow to the plate a' b', 
where it will combine with or neutralize a part jof the dissimulated 
fluid. This last being thus diminished in quantity^ will retain by its 
attraction a less quantity of the fluid on A B, a corresponding quan- 
tity of which will be liberated, and will therefore pass along the con- 
ductor w to the plate a' b', where it will neutralize another portion 
of the dissimulated fluid ; and this process of reciprocal neutralization, 
liberation, and conduction will go on until the entire charge e' upon 
the plate a' b' has been neutrsiized by a corresponding part of the 
fluid £ originally diflused on the plate a b. 

Although these effects are strictly progressive, they are practically 
instantaneous. The current of free electricity flows through the 
conductor w, neutralizes the charge e', and liberates all the dissimu- 
lated part of E in an interval so small as to be quite inappreciable. 
In whatever point of view the power of conduction may be regarded, 
a sudden and violent change in the electrical condition of the con- 
ductor w must attend the phenomenon. If the conductor w be 
regarded merely as a channel of communication, a sort of pipe or 
conduit through which the electric fluid passes from A B to A' b', as 
some consider it, so large an afflux of electricity may be expected 
to be attended with some violent effects. If, on the other hand, the 
opposite fluids are reduced to their natural state, by decomposing 
successively the natural electricity of the parts of the conductor w, 
and taking from the elements of the decomposed fluid the elec- 
tricities necessary to satisfy their respective attractions, a still more 
powerful effect may be anticipated from so great and sudden a 
change. 

Such phenomena are accordingly found to be attended with some 
of the most remarkable effects presented in the whole domain of 
physical research. If the charge E be sufficiently strong, and the 
intermediate conductor w be thin metallic wire, it will be instantly 
rendered incandescent, and may even be fused. If the human body 
be made the conducting medium, however inconsiderable the charge 
may be, an effect is produced on the nerves which is to most persona 
extremely disagreeable, and if the charge be considerable, it may 
even have the effect of destroying animal life. 

In order to divest these principles of whatever is adventitious, and 
to bring their general character more clearly into view, we have hero 
presented them in a form somewhat different from that in which they 
are commonly exhibited in- electrical experiments. The phenomenon 
which has just been explained, consisting merely in the communica- 
tion of powerful charges of electricity of contrary kinds, on the oppo- 
site faces of glass or other non-conductor, by means of metal main- 
tained in contact with the glass, it is evident that the form of the 
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Fig. 600. 



glass and of the metal in contact with it have no inflnence on the 
effects. Neither has the thickness or volume of the metal any rela- 
tion to the results. Thus the glass, whose opposite faces are charged, 
may have the form of a hollow cylinder or sphere, or of a common 
flask or bottle, and the metal in contact with it need not be massive 
or solid plates, but merely a coating of metallic foil. 

1760. The Leyden jar. — In experimental researches, therefore, 
the form which is commonly given to the glass, with a 
view to develope the above effects, is that of a cylinder 
or jar, A b, jfig. 500., having a wide mouth and a flat 
bottom. The shaded part terminating at o is a coating 
of tinfoil placed on the bottom and sides of the jar, a 
similar coating being attached to the corresponding parts 
of the interior surface. To improve the insulating 
power of the glass it is coated above the edge of the 
tinfoil with a varnish of gum-lac, which also renders it 
more proof against the deposition of moisture. A me- 
tallic lod, terminated in a ball d, descends into the jar, 
and is jointed in contact with the inner coating. 

This apparatus is generally known by the name of the 
Leyden phial, the experiments produced with it having been first 
exhibited at the city of Leyden, in Holland. 

To understand the action of this apparatus it is only necessary to 
consider the inner coating and the metallic rod as representing the 
metallic surface A B, fig. 499., and the outer surface a' b', the jar 
itself playing the part of the intervening non-conducting medium. 
If the ball d be put in communication by a metallic chain with the 
conductor of the electric machine, and the external coating c B with 
the ground, the jar will become charged with electricity, in the same 
manner and on the same principles exactly as has been explained in 
the case of the metallic surfaces a' b' and A B, fig, 499. 

If, when a charge of electricity is thus communicated to the jar, 
the. communication between d and the conductor be removed, the 
charge will remain accumulated on the inner coating of the jar. If 
in this case a metallic communication be made between tl^s ball J> 
and the outer coating, the two opposite electricities on the inside and 
outside of the jar will rush towards each other and will suddenly 
combine. In this case there is no essential distinction between the 
functions of the outer and inner coating of the jar, as may be shown 
by connecting the inner coating with the ground and the outer coat- 
ing with the conductor. For this purpose, it is only necessary to 
place the jar upon an insulating stool, surrounding it by a metallic 
chain in contact with its outer coating, which should be carried to the 
conductor of the machine 3 while the ball D, which communicates 
with the inner coating, is connected by another chain to the ground. 
In this case the electricity will flow from the conductor to the outer 
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coating, and will be accumulated there by the inductive action of the 
inner coating, and all the effects will take place as before. 

If, after the jar is thus charged, the communication between the 
outer coating and the conductor be removed, and a metallic commu- 
nication be made between the inner and outer coating, the electrici- 
ties will, as before, rush towards each other and combine; and the 
jar will be restored to its natural state. 

To charge the jar internally, it will be sufficient to hold it with 
the hand in contact with the external coating, presenting the ball D 
to the conductor of the machine. The electricity will flow from the 
conductor to the inner coating, and the external coating will act 
inductively, being connected through the hand and body of the ope- 
rator with the earth. 

1761. Effect of the metallic coating. — The metallic coatings of 
the jar have no other effect than to conduct the electricity to the 
surface of the glass, and when there, to afford it a firee passage from 
point to point. Any other conductor would, abstractedly considered, 
serve the same purpose ; and metallic foil is selected only for the 
facility and convenience with which it may be adapted to the form 
of the glass, and permanently attached to it. That like effects would 
attend the use of any other conductor may be easily shown. 

1762. Water inay he suhstituted for the metallic coating, — Let 
a glass jar be partially filled with water, and hold it in the hand by its 
external surface. Let a chain or rod connected with the conductor 
of an electric machine be immersed in the water. A stream of elec- 
tricity will flow from the machine to the water, exactiy as it did 
from the machine -to the inner coating of the jar; and the inductive 
action of the hand communicating through the body of the operator 
with the ground, will produce a charge of electricity in the water 
upcm exactiy the same principle as the inductive action of the exter- 
nal coating of the jar communicated the charge of electricify on the 
internal coating. If, after the charge has been communicated in the 
water, the operator plunge his other hand in the water, so as to form 
a communication between the water within the jar and the hand 
applied to its external surface, the opposite electricities will rush 
towards each other through the hand of the operator, and their mo- 
tion will be rendered sensible by a strong nervous convulsion. 

1763. Experimental proof that the charge adheres to the glass 
and not to the coating. — The electricity with which the jar is charged 
in this case resides, therefore, on the glass, or on the conductor by 
which it passes to the £;lass, or is shared by these. 

To determine wherf it 'resides, it is only necessary to provide 
means of separating the jar from the coating after it has been 
charged, and examining the electrical state of the one and the other. 
For this purpose let ft glass jar be provided, having a loose cylinder 
of metal fitted to its interior, which can be placed in it or withdrawn 
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from it at pleasure, and a similar loose cylinder fitted to its exterior. 
The jar being placed in the external cylinder, and the internal cylin- 
der being inserted in it, let it be charged with electricity by the 
machine in the manner already described. Let the internal cylinder 
be then removed, and let the jar be raised out of the external cylin- 
der. The two cylinders being then tested by an electroscopic appa- 
ratus, w ill be found to be in their natural state. But if an electro- 
scope be brought within the influence of the internal or external 
surface of the glass jar, it will betray the presence of the one or the 
other species of electricity. If the glass jar be then inserted in an- 
other metallic cylinder made to fit it externally, and a similar metallic 
cylinder made to fit it internally be inserted in it, it will be found to 
be charged as if no change had taken place. On connecting by 
metallic communication the interior with the exterior, the opposite 
electricities will rush towards each other and combine. It is evident, 
therefore, that the seat of the electricity, when a jar is charged. Is 
not the metallic coating, but the surface of the glass under it. 

1764. Improved form of Leydeti jar, — An improved form of 

the Leyden jar is represented in /t^. 601. Besides 
the provisions which have been already explained, 
there is attached to this jar a hollow brass cup o 
cemented into a glass tube. This tube passes 
through the wooden disk which forms, the cone of 
the jar, and is fastened to it. It reaches to the 
bottom of the jar. A communication is formed 
between o and the internal coating by a brass wire 
terminating in the knob D. This wire, passing 
loosely through a small hole in the top, may be 
removed at pleasure for the purpose of cutting off 
the communication between the cup and the inte- 
rior coating. This wire does not extend quite to 
the bottom of the jar, but the lower part of the 
tube is coated with tinfoil, which is in contact with 
the wire, and extends to the inner coating of the 

^^* " At the bottom of the jar a hook is provided, by 

which a chain may be suspended so as to form a communication 
between the external coating and other bodies. When a jar of this 
kind is once charged, the wire may be removed or allowed to fall 
out by inverting the jar, in which case the jar will remain charjged, 
since no communication exists between its internal and external 
coating; and as the internal coating is protected from the contact 
of the external air, the absorption of electricity in this case is pre- 
vented. An electric charge may thus be transferred from place to 
place, and preserved for any length of time. 

In the construction of cylindrical jars it is not always possible to 

22* 
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obtain glass of uniform thickness, for which reason jars are some- 
times provided of a spherical form. 

1765. Charging a series of jars hy cascade, — In charging a 
single jar, an unlimited number of jars, connected together by con- 
ductors, may be charged with very nearly the same quantity of elec- 
tricity. For this purpose let the series of jars be placed on insula- 
ting stools, as represented in fig. 5Q2., and let c be metallic chains 




Fig. 502. 

connecting the external coating of each jar with the internal coating 
of the succeeding one. Let d be a chain connecting the first jar 
with the conductor of the machine, and d' another chain connecting 
the last jar witlX the ground. The electricity conveyed to the inner 
coating of the first jar a acts by induction on the .external coating of 
the- first jar, attracting the negative electricity to the surface, and 
repelling the positive electricity through the chain o to the inner 
coating of the second jar. This charge of positive electricity in the 
second jar acts in like manner inductively on the external coating of 
this jar, attracting the negative electricity there, and repelling the 
positive electricity through the chain c to the internal coating of the 
third jar; and in the same manner the internal coating of every 
succeeding jar in the series will be charged with positive electricity, 
and its internal coating with negative electricity. If, while the 
series is insulated, a discharger be made to connect the inner coating 
of the first with the outer coating of the last jar, the opposite elec- 
tricities will rush towards each other, and the series of jars will be 
restored to their natural state. 

1766. Electric hattery, — When several jars are thus combined to 
obtain a more energetic discharge than could be formed by a single 
jar, the system is called an electric hattery, and the method of 
charging it, explained above, is called charging hg cascade. 

After the jars have been thus charged, the chains connecting the 
outer coating of each jar with the inner coating of the succeeding 
one are removed, and the knobs are all connected one with another 
by chains or metallic rods, so as to place all the internal coatings in 
electric connection, and the outer coatings are similarly connected. 
I3y this expedient the system of jars is rendered equivalent to a single 
jar, the magnitude of whose coated surface would be equal to the 
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sum of all the garfaces of the series of jars. The battery would 
then be discharged by placing a conductor between the outer coating 
of any of the jars and one of the knobs. 

If s e^^press the total magnitude of the coating of the series of 
jars, the total charge of the battery will be expressed approxi- 
mately by 



B= 



s X e 
1 — m^* 




Fig. 503. 



1767. Commcm electric hattery. — It is not always convenient, 
however, to practise this method. The jars composing the battery 
are commonly placed in a box, as represented in^. 503., coated on 
the inside with tinfoil, so as to form a metallic communication between 
the external coating of all the jars. The knobs, which communicate 
with their internal coating, are connected by a series of metallic rods 

in the manner represented in the 
figure; so that there is a con- 
tinuous metallic communication 
between all the internal coatings. 
If the metallic rods which thus 
communicate with the inner coat- 
ing be placed in communication 
with the conductor of a machine, 
while the box containing the jars 
is placed in metallic communica- 
tion with the earth, the battery 
will be charged according to the principles already explained in the 
case of a single jar, and the force of its charge will be equal to the 
force of the charge of a single jar, the magnitude of whose external 
and internal coating would be equal to the sum of the internal and 
external coating of all the jars composing the battery. 

1768. Method of indicating and estimating the amount of the 
charge. — In charging a jar or a battery there is no obvious means 
by which the amount of the charge imparted to the jar can be indi- 
cated. It is to be considered that the internal coating is, in effect, a 
continuation of the conductor; and if the jars had no external coat- 
ing, the communication of the internal coating with the conductor 
would be attended with no other effect than the distribution of the 
electricity over the conductor and the internal coating, according to 
the laws of electrical equilibrium; but the effect of the external 
coating is to dissimulate or render latent the electricity as it flows 
from the conductor, so that the repulsion of the part of it which 
remains free is less than the expansive force of the electricity of the 
conductor, and a stream of the fluid continues to flow accordingly 
from the conductor to the internal coating ; and this process continues 
until the increasing force of the free electricity on the internal coat- 



260 ELEOTBICITY. 

ing of the jars becomes so great, that the force of the fluid on the 
condenser can no longer overcome it, and thxis the flow of electricity 
to the jars from the conductor will cease. 

It follows, therefore, that during the process of charging the jars, 
the depth or tension of the electricity on the conductor is just so 
much greater than that of the free electricity on the interior of the 
jars, as is sufficient to sustain the flow of electricity from the one to 
the other ; and as this is necessarily so extremely minute an excess 
as to be insensible to any measure which could be applied to it, it 
may be assumed that the depth of electricity on the conductor is 
always equal to that of the free electricity on the interior of the 
jars. If e therefore express the actual depth of the electric fluid 
at any time on the interior coating, (1 — m^) x e will express the 
depth of the free electricity; and since, throughout the process, m 
does not change its value, it follows that the actual depth of elec- 
tricity, and therefore the actual magnitude of the charge, is propor- 
tionate to the depth of free electricity on the interior of the jar, 
which is sensibly the same as the depth of free electricity on the con- 
ductor. It follows, therefore, that the magnitude of the charge, 
whether of a single jar or several, will always be proportionate to the 
depth of electricity on the conductor of the machine from which the 
charge is derived. If, therefore, during the process of charging a 
jar or battery, an electrometer be attached to the conductor, this in- 
strument will at first give indications of a very feeble electricity, the 
chief part of the fluid evolved being dissimulated on the inside of 
the jars ; but as the charge increases, the indications of an increased 
depth of fluid on the conductor become apparent; and at length, 
when no more fluid can pass from the conductor to the jars, the elec- 
trometer becomes stationary, and the fluid evolved by the machine 
escapes from the points or into the circumjacent air. 

The quadrant electrometer, described in (1757), is the indicator 
commonly used for this purpose, and is inserted in a hole on the con- 
ductor. When the pith ball attains its maximum elevation, the 
charge of the jars may be considered as complete. The charge which 
a jar is capable of receiving, besides being limited by the strengtb 
of the glass to resist the mutual attraction of the opposite fluids, and 
the imperfect insulating force of that part of the jar which is not 
coated, is also limited by the imperfect insulating force of the air 
itself. If other causes, therefore, allowed an unlimited flow of elec- 
tricity to the jar, its discharge would at length take place by the 
elasticity of the free electricity within it surmounting the confining 
pressure of the air, and accordingly the fluid of the interior would 
pass over the mouth of the jar, and unite with the opposite fluid of 
the exterior surface. 
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CHAP. vin. 

LAWS or ELECTRICAL FORCES. 

1769. iJlectrtc forces investigated by C<mlomb. — ^It is not enough 
to ascertain the principles which govern the decomposition of the 
natural electricity of bodies, and the reciprocal attraction and repul- 
sion of the constituent fluids. It is also necessaiy to determine the 
actual amount of force exerted by each fluid in repelling fluid of the 
like, or attracting fluid of the opposite kind, and how the intensity 
of this attraction is varied by varying the distance between the 
bodies which are invested by the attracting or repelling fluids. 

By a series of experimental researches, which rendered his name 
for ever memorable. Coulomb solved this difficult and delicate pro- 
blem, measuring with admirable adroitness and precision these minute 
forces by means of his electroscope or balance of torsion, already 
described (1756). I 

1770. Proof-plane. — The electricily of which the force was to be 
^ estimated was taken up from the surface of the electrified 

CT2^ body upon a small circular di^ c, fig. 504., coated with 
bTT met^lic foil, and attached to the extremity of a delicate 
rod or handle A B of gum-lac. This disk, csiUled a proof- 
plane, was presented to the ball suspended in the electro- 
meter of torsion (1756), and the intensity of its attraction 
or repulsion was measured by the number of degrees 
through which the suspending fibre or wire was twisted 
A] by it. 

Fig. 504. The extreme degree of sensibility of this apparatus may 
be conceived, when it is stated that a force equal to the 
340th part of a grain was sufficient to turn it through 360 degrees ; 
and since the reaction of torsion is proportional to the angle of torsion, 
the force necessary to make the needle move through one degree 
would be only the 122,400th part of a grain. Thus this balance 
was capable of dividing a force equal to a single grain weight into 
122,400 parts, and rendering the effect of each part distinctly 
observable and measurable. 

1771. Law of electrical force similar to that of gravitation. — 
By these researches it was established, that the attraction and repul- 
sion of the electric fluids, like the force of gravitation, and other 
physical influences which radiate from a centre, vary according to 
the common law of the inverse square of the distance; that is to 
gay, the attraction or repulsion exerted by a body charged with elec- 
tricity, or, to speak more correctly, by the electricity with which 
such a body is charged, increases in the same proportion as the 
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sqnare of the distance from the body on which it acts is diminished, 

and diminishes as the square of that distance is increased. 

In general, if / express the force exerted bj any quantity of 

/ 
electric fluid; positive or negative, at the unit of distance, ^ will 

express the force which the same quantity of the same fluid will 

exert at the distance D. « 

In like manner, if the quantity of fluid taken as the unit exercise 

/ 
at the distance d the force expressed by ^ the quantity expressed 

by £, will exert at the same distance d the force F expressed by 

/XE 

r=^ 

These formulae have been tested by numerous experiments made 
under every possible variety of conditions, and have been found to 
represent the phenomena with the greatest precision. 

1772. Distribviion of the dectrtc fluid on conductors. — The 
distribution of electricity upon conductors can be deduced as a mathe- 
matical consequence of the laws of attraction and repulsion which 
have been explained above, combined with the property in virtue of 
which conductors give free play to these forces. The conclusions 
thus deduced may further be verified by the proof plane and electro- 
meter of torsion, by means of which the fluid diffused upon a 
conductor may be gauged, so that its depth or intensity at every 
point may be exactly ascertained ; and such depths and intensities 
have accordingly been found to accord perfectly with the results of 
theory. 

1773. It is confined to their surfaces, — Numerous fiacts suggest 
the conclusion that the electricity with which a conductor is charged 
is either superficial, or very nearly so. 

If an electrified conductor be pierced with holes a little greater 
than the proof plane (^fig. 504.) to different depths, that plane, 

inserted so as to touch the bottom of 
these holes, will take up no electricity. 
If a spheroidal metallic body a, 
fig. 505, suspended by a silken thread, 
be electrified, and two thin hollow 
, caps B B and b' b' made to fit it, coated 
^ ^ on their inside surface with metallic 
^^^^ foil, and having insulating handles 
c o' of gum-lac, be applied to it, on 
withdrawing them the spheroid will 
^»«* 506. be deprived of its electricity, the fluid 

being taken off by the caps. 
Although it follows, from these and other experimental tests, as 
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well as from theory, that the diffusion of electricity on conductors is 
nearly superficial, it is not absolutely so. If one end of a metallic 
rod, coated with sealing-wax, be presented to any source of electri- 
city, the fluid will be received as freely from the other end, as if its 
surface were not coated with a non-conductor. It follows from this 
that the electricity must pass along the rod sufficiently within the 
surface of the metal which is in contact with the wax to be out of 
contact with the wax, which, by its insulating virtue, would arrest 
the progress of the fluid. 

1774. How the distribution varies, — ^It remains, however, to ascer- 
tain how the intensity of the fluid, or its depth on different parts of 
a conductor, varies. 

There are some bodies whose form so strongly suggests the inevi- 
table uniformity of distribution as to render demonstration needless. 
In the case of a sphere, the symmetry of form alone indicates the 
necessity of an uniform distribution. If, then, the fluid be regarded 
as having an uniform depth on every part of a conducting sphere, 
exactly as a liquid might be uniformly diffused over the surface of 
the globe, the total quantity of fluid will be expressed by multiplying 
its depth by the superficial area of the globe. 

1775. Distribution on an ellipsoid. — If the electrified conductor 
be not a globe, but an elliptical spheroid, such as A a', Jig. 506., the 

fluid will be found to be accumulated in greater 

quantity at the small ends A and a' than at the 

sides bb', where there is less curvature. This 

unequal distribution of the fluid is represented by 

the dotted line in the figure. 

Fig. 506. It follows from theory, and it is confirmed by 

observation, that the depth of the fluid at A and 

A' is greater than at b b' in the ratio of the longer axis a a' of the 

ellipse to the shorter axis B b'. 

If, therefore, the ellipsoid be very elongated, as in Jig. 506., the 

depth of the fluid at the ends A and a' will be 
proportionally greater. 




3^ _ ^ ^ 1776. Effects of edges and points. — If the 
^ conductor be a flat disk, the depth of the fluid 
Fig. 607. will increase from its centre towards its edges. 

The depth will, however, not vary sensibly near, 
the centre, but will augment rapidly in approaching the edge, as 
represented in Jig. 508., where a and B are the edges, and o the 
centre of the disk, the depth of the fluid being indicated by the 
dotted line. 

It is found in general that the depth of the fluid increases in a 
rapid proportion in approaching the edges, corners, and extremities, 
whatever be the shape of the conductor. Thus, when a circular disk 
or rectangular plate has any considerable magnitude, the depth of 
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Fig. 608. 

the electricity is sensibly nniform at all parts not contiguous to the 
borders; and whatever be the form, whether round or square, if 
only it be terminated by sharp angular edges, the depth will increase 
rapidly in approaching them. 

If a conductor be terminated, not by sharp angular edges, but by 
rounded sides or ends, then the distribution will become more uni- 
form. Thus, if a cylindrical conductor of considerable diameter have 
hemispherical ends^ the distribution of the electricity upon it wiU be 
nearly uniform ; but if its ends be flat, with sharp angular edges, 
then an accumulation of the fluid will be produced contiguous to 
them. If the sides of a flat plate of sufficient thickness be rounded, 
the accumulation of fluid at the edges will be diqiinished. 

The depth of the fluid is still more augmented at corners where 
the increase of depth due to two or more edges meet and are com- 
bined ; and this effect is pushed to its extreme limit if any part of a 
conductor have the form of a point. 

The pressure of the surrounding air being the chief, if not the only 
force, which retains the electric fluid on a conductor, it is evident 
that if at the edges, comers, or angular points, the depth be so much 
increased that the elasticity of the fluid exceeds the restraining pres- 
sure of the atmosphere, the electricity must escape, and in that case 
will issue from the edge, comer, or point, exactly as a liquid under 
strong pressure would issue from ^jtt d^eau, 

1777. Experimental illustration of the effect of a point — Let P, 
fig, 509., be a metallic point attached to a conductor o, and let the 

perpendicular n express the thickness 
or density of the electric fluid at that 
place ; this thickness will increase in 
approaching the point p, so as to bo 
represented by perpendiculars drawn 
from the respective points of the curve 
Uy n'y n" to AP, so that its density at 
p will be expressed by the perpen- 
dicular in!' p. Experience shows that 
in ordinary states of the atmosphere 
Fig. 509. a very moderate charge of electricity 

given to the conductor c will produce 
such a density of the electric fluid at the point p as to overcome the 
pressure of the atmosphere, and to cause the spontaneous discharge of 
the electricity. 
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The following experiments will serve to illustrate this escape of 
electricity from points. 

Let a metallic pointy such as A p^ fig, 509., be attached to a con- 
ductor, and let a metallic ball of two or three inches in diameter, 
having a hole in it corresponding to the point p, be stuck upon the 
point. If the conductor be now electrified, the electricity will be 
diffused over it, and over the ball which has been stuck upon the 
point P. The electric state of the conductor may be shown by a 
quadrant electrometer being attached to it. Let the ball now be 
drawn off the point P by a silk thread attached to it for the purpose, 
and let it be held suspended by that thread. The electricity of the 
conductor c will now escape by the point P, as will be indicated by 
the electrometer, but the baU suspended by the silk thread will be 
electrified as before. 

1778. Rotation 'produced hy the reaction of points. — Let two 
wires A B and c d, fig. 510., placed at right angles, be supported by 

a cap E upon a fine point at the top of an insulating 
stand, and let them communicate by a chain F with 
a conductor kept constantly electrified by a machine. 
Let each of the four arms of the wires be terminated 
by a point in a horizontal direction at right angles 
to the wire, each point being turned in the same 
direction, as represented in the figure. When the 
electricity comes from the conductor to the wires, it 
will escape from the wires at these four points re- 
spectively ; and the force with which it leaves them 
will be attended with a proportionate recoil, which 
will cause the wire to spin rapidly on the centre E. 
1779. Another experimental illustration of this 
principle. — An apparatus supplying another illustration of this prin- 
ciple is represented in fig. 511.: a 
square wooden stand T has four rods 
of glass inserted in its corners, the 
rods at one end being less in height 
than those at the other. The tops 
of these rods having metal wires A B 
1 "^ and D stretched between them, 
-y across these wires another wire E p 
is placed, having attached to it at 
Fig. 511. right angles another wire G H, hav- 

ing two points turned in opposite di- 
rections at its extremities, so that when G H is horizontal these two 
points shall be vertical, one being presented upwards, and the other 
downwards. A chain from A communicates with a conductor kept 
constantly electrified by a machine. 

The electricity coming from the conductor by the chain, passes 
n 23 
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along tbe system of wires, and escapes at the points G and H. The 
consequent recoil causes the wire a H to revolve round E F as an axis^ 
and thereby causes E f to roll up the inclined plane. 

1780. EkctrtcoH orrery, — An apparatus called the dectricaZ 

orrery is represented in fig* 612. A 
metallic ball A rests upon an insulating 
stand by means of a cap within it, 
placed upon a fine metallic point form- 
ing the top of the «tand. 

From the ball A an arm d a proceeds, 
the extremity of which is turned up at 
E^ and formed into a fine point. 

A small ball b rests by means of a 
cap on this point, and attached to it are 
two arms extended in opposite direc- 
Fig. 612. tions, one terminated with a small ball 

0, and the other by a point p presented 
in the horizontal direction at right angles to the arm. Another point 
p^, attached at right angles to the arm d A, is likewise presented in 
the horizontal direction. By this arrangement the baU a together 
with the arm D A is capable of revolving round the insulating stand, 
by which motion the ball b will be carried in a circle round the ball 
A. The ball B is also capable at the same time of revolving on the 
point which supports it, by which motion the ball c will revolve 
round the ball b in a circle. If electricity be supplied by the chain 
to the apparatus, the balls A and b and the metallic rods will be 
electrified, and the electricity will escape at the points p and p^. 
The recoil produced by this escape will cause the rod d A to revolve 
round the insulating pillar, and at the same time the rod p o together 
with the ball b to revolve on the extremity of the arm d a. Thus, 
while the ball b revolves in a circular orbit round the ball a, the 
ball revolves in a smaller circle round the ball b, the motion re- 
sembling that of the moon and earth with respect to the sun. 



CHAP. IX. 

MECHANICAL EFFECTS OF ELECTBICITY. 

1781. Attractions and repidsions of electrified bodies. — If a bpdy 
charged with electricity be placed near another body, it will impress 
upon such body certain motions, which will vary according as the 
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body thus affected is a condactor or a 
Don-conductor ; according as it is in its 
natural state or charged with electricity ; 
and in fine^ if charged with electricity^ 
acccording as the electricity is similar or 
opposite to that with which the body act- 
ing upon it i^ charged. 

Let A, Jig, 513., be the body charged 
with electricity, which we shall suppose 
to be a metallic ball supported on an in- 
sulating column. Let b be the body upon 
which it acts, which we shall suppose to 
be a small ball suspended by a fine silken 
thread. We shall consider successively 
the cases above mentioned. 

1782. Action of an electrified body on a rum-conduciOT not ehc- 
trifled. — 1°. Let B be a non-conductor in its. natural state. 

In this case no motion will be impressed on b. The electricity 
with which A is charged will act by attraction and repulsion on the 
two opposite fluids which compose the natural electricity of b, attract- 
ing each molecule of one by exactly the same force as it repels the 
molecule of the other. No decomposition of the fluid will take place, 
because the insulating property of b will prevent any motion of the 
fluids upon it, and will therefore prevent their separation. Each 
compound molecule therefore being at once attracted and repelled by 
equal forces, no motion will take place. 

1783. Action of an electrified body on a non-condttctor charged 
with like electricity, — 2°. Let B be charged with electricity similar 
to that with which A is charged. 

In this case b will be repelled from A. For, according to what 
has been explained above, the forces exerted on the natural elec- 
tricity of B will be in equilibrium, but the electricity of A will repel 
the similar electricity with which B is charged; and since this fluid 
cannot move upon the surface of B because of its insulating virtue, 
and cannot quit the surface because of the restraining pressure of 
the surrounding air, it must adhere to the surface, and, being repelled 
by the electricity of a, must carry with it the ball B in the direction 
of such repulsion. The ball B therefore will incline from A, and 
will rest in such a position that its weight will balance the repulsive 
force. 

1784. Its action on a norircondtictor charged with opposite elec- 
tricity. — 3°. Let B be charged with electricity opposite to that with 
which A is charged. 

In this case b will be attracted towards A, the distribution of the 
fluid upon it not being changed^ for the same reasons as in the last 
case. 
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1785. Its action on a condtictor not electrified. — 4°. Let B be a 
conductor in its natural ^tate. 

In this case the action of the fluid on A attracting one constituent 
of the natural electricity of b, and repelling the other, will tend to 
decompose and separate them ; and since the conducting virtue of B 
leaves free play to the movement of the fluids upon it, this attraction 
and repulsion will take effect^ the attracted fluids moving to the side 
of B nearest to A^ and the repelled fluid to the opposite side. 

To render the explanation more clear, let us suppose that A is 
charged with positive electricity. 

In that case^ the negative fluid of B will accumulate on the side 
next A, and the positive fluid on the opposite side. The negative 
fluid will therefore be nearer to A than the positive fluid ; and since 
the force of the attraction and repulsion increases as the square of 
the distance is diminished (1771), and since the quantity of the 
negative fluid on the side next A is equal to the quantity of positive 
fluid on the opposite side, the attraction exerted on the former will 
be greater than the repulsion exerted on the latter; and since the 
fluids are prevented from leaving b by the restraining pressure of the 
air, the fluids carrying with them the ball b will be moved towards 
A and will rest in equilibrium, when the inclination of the string is 
such that the weight of b balances and neutralizes the attraction. 

If A were charged with negative electricity, the same effects would 
be produced, the only difference being that, in that case, the positive 
fluid on B would accumulate on the side next A, and the negative 
fluid on the opposite side. 

Thus it appears that a conducting body in its natural state is 
always attracted by an electrified body, with whichever species of 
electricity it be charged. 

1786. Its action upon a conductor charged with like electricity. — 
5®. Let B be a conductor charged with electricity similar to that with 
which A is charged. 

In this case the effect produced on B will depend on the relative 
strength of the charges of electricity of X and b. 

The electricity of A will repel the free electricity of B, and cause 
it to accumulate on the side of B most remote from a. But it will 
also decompose the natural electricity of b, attracting the fluid of the 
contrary kind to the side near A, and repelling the fluid of the same 
kind to the opposite side. It will follow from this, that the quantity 
of the fluid of the same name accumulated at the opposite side of B 
will be greater than the quantity of fluid of the contrary name col- 
lected at the side near A. While, therefore, the latter is more attracted 
than the former, by reason of its greater proximity, it is less attracted 
by reason of its lesser quantity. If these opposite effects neutralize 
each other, — ^if it lose as much force by its inferior quantity as it 
gains by its greater proximity, the attractions and repulsions of A on 
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B will neutralize eacb other, and the ball b will not move. But if 
the quantity of electricity with which B is charged be so small that 
more attraction is gained by proximity than is lost by quantity, then 
the ball B will move towards A. If, however, the quantity of elec- 
tricity with which B is charged be so great that the effect prevail 
over that of distance, the ball B will be repelled. 

It follows, therefore, from this, that in order to insure the repul- 
sion of the ball b in this case, the charge of electricity must be so 
strong as to prevail over that attraction which would operate on the 
ball b if it were in its natural state. A very small electrioal charge 
iS; however, generally sufficient for this. 

1787. Its action upon a conductor charged with opposite electricity, 
— 6^. Let B be charged with electricity of a contrary name to that 
with which A is charged. 

In this case B will always be attracted towards A, for the attraction 
exerted on the fluid with which it is charged will be added to that 
which would be exerted on it if it were in its natural state. 

The free electricity on B will be attracted to the side next A, and 
the natural fluid will be decomposed, the fluid of the same name 
accumulating on the side most remote from A, and the fluid of the 
contrary name collecting on the side nearest to A, and there uniting 
with the free fluid with which B is charged. There is therefore a 
greater quantity of fluid of the contrary name on that side, than of 
the same name on the opposite side. The attraction of the former 
prevails over the repulsion of the latter therefore at once by greater 
quantity and greater proximity, and is consequently effective. 

1788. Attractions and repulsions of pith halls explained, — What 
has been explained above will render more clearly understood the 
attractions and repulsions manifested by pith balls before and after 
their contact with electrified bodies ^1697). Before contact, the balls, 
being in their natural state, and neing composed of a eondueting 
material, are always attracted, whatever be the electricity with which 
the body to which they are presented is charged (1785) ; but after 
contact, being charged with the like electricity, they are repelled 
(1786). 

When touched by the hand, or any conductor which communicates 
with the ground, they are discharged and restored to their natural 
state, when they will be again attracted. 

If they be suspended by wire or any other conducting thread, and 
the stand to be a conductor communicating with the ground, they 
will lose their electricity the moment they receive it. 

The electric fluid in passing through bodies, especially if they be 
imperfect conductors, or if the space they present to the fluid bear a 
small proportion to its quantity, produces various and remarkable 
mechanical efiects, displacing the conductors sometimes with great 
violence. 

23* 
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1789. Strang electric charges rupture imperfect conductors.-^ 
Card pierced hy discharge of jar. — The current of electricity dis- 
charged from a Leyden jar will penetrate several leaves of paper or 
card. 

A method of exhibiting this effect is represented in 
® Q fig. 514. The chain a communicates with the outside 
coating of the jar. The card c is placed in such a posi- 
Jl tion that two metallic points touch it on opposite sides, 
rp|/^ terminating near each other. The pillar G, being glass, 
intercepts the electricity. The ball of the discharger 
being put in communication with the inside coating of 
the jar, is brought into contact with the ball B, so that 
the two points which are on opposite sides of the card, 
being in connection with the two coatings of the jar, are 
charged with contrary fluids, which exert on each other 
such an attraction that they rush to each other, penetra- 
ting the card, which is found in this case pierced by a 
Fig. 514. hole larger than that produced by a common pin. 

It is remarkable that the hurr produced on the surface 
of the card is in this case convex on both sides, as if the matter producing 
the hole, instead of passing through the card from one side to the 
other, had either issued from the middle of its thickness, emerging 
at each surface, or as if there were two distinct prevailing substances 
passing in contrary directions, each elevating the edges of the orifice 
in issuing from it. 

The accordance of this effect with the hypothesis of two fluids is 
apparent. 

1790. Curious fact observed hy M. Tr emery. — A fact has beea 
noticed by M. Tremery for which no explanation has yet been given. 
That observer found that when the two points on opposite sides of the 
card are placed at a certain distance, one above the other, the hole 
will not be midway between them. When the experiment is made in 
the atmosphere, the hole will always be nearer to the negative fluid. 
When the apparatus is placed under the receiver of an air-pump, the 
hole approaches the positive fluid as the rarefaction proceeds. 

If several cards be placed between the knobs of the universal dis- 
charger (1744), they may be pierced by a strong charge of a jar or 
battery, having more than one square foot of coated surface. 

1791. Wood and glass hroTcen hy discharge. — A rod of wood half 
an inch thick may be split by a strong charge transmitted in the 
direction of its fibres, and other imperfect conductors pierced in the 
same manner. 

If a leaf of writing-paper be placed on the stage of the discharger, 
the electricity passed through it will tear it. 

The charge of a jar wiU penetrate glass. An apparatus for ex- 
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Iiibitdng this effect la shown ia fig. 515, It may also be exhibited 
by iransmittiog the chai^ through the side of a phial, fi^. 516. 

A BtroQg charge passed through nater. scatters the liquid in all 
directions around the points of discharge, fig. 517. 

1792. Ekttricfd belU. — The alternale attraction and repulsion 
of electrified conductors is prettily illustrated by the electrical heOt. 




Fig. 618. 

A B and c D, fig. 518., are two metallic rods supported on a glass 
pillar. From the ends of these rods four bells a tf o' d' are aua- 
peoded by metallic cbaios. A central bell G is supported on the 
wooden stand which sustains the glass pillar e f, and this central 
bell communicates by a chain G K with the ground. From the trans- 
Terse rods are also suspended, by silken threads, four small brass 
balls H. The transverse rods being put in communication with the 
conductor of an electrioal machine, the four bells a' b' c' d' become 
charged with electricity. They attract and then repel the halls B, 
which when repelled strike the bell o,to which they give up the 
electricity they received by contact with the bells a' b' c' d', and this 
electricity passes to the ground by the chain o. The bells will thus 
continue to be tolled as long as any electricity is supplied by the 
oonduotor to the bells a' b' c' d'. 

1793. R^uhwn of electrified ffirfiadi. — Let a skein of linen 
thread be tied in a knot at each end, and let one end of it be attached 
to some part of the conduetar of the machine. When the machine 
in worked the threads will become electrified and will repel each 
other, so that the skein will swell out into a form resembling the 
weridiana drawn upon a globe, 
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1794. Curiom effect of repulsion of pith hall, — Let a metallie 
point be inserted into one of i£e holes of the prime conductor, so that, 
in accordance with what has been explained, a jet of electricity may 
escape from it when the conductor is electrified. Let this jet, while 
the machine is worked, be received on the interior of a glass 
tumbler, by which the surface of the glass will become charged with, 
electricity. 

If a number of pith balls be laid upon a metallic plate communi- 
cating with the ground, and the tumbler be placed with its mouth 
upon the plate, including the balls within it, the balls will begin 
immediately leaping violently from the metal and striking the glass, 
and this action will continue till all the electricity with which the 
glass was charged has been carried away. 

This is explained on the same principle as the former experiments. 
The balls are attracted by the electricity of the glass, and when elec- 
trified by contact, are repelled. They give up their electricity to the 
metallic plate from which it passes to the ground ; and this process 
continues until no electricity remains on the glass of sufficient strength 
to attract the balls. 

1795. Electrical dance, — Let a disk of pasteboard or wood, coated 
Avith metallic foil, be suspended by wires or threads of linen from the 
prime conductor of an electrical machine, and let a similar disk be 
placed upon a stand capable of being adjusted to any required height. 
Let this latter disk be placed immediately under the former, and let 
it have a metallic communication with the ground. Upon it place 
small coloured representations in paper, of dancing figures, which 
are prepared for the purpose. When the machine is worked, the 
electricity with which the upper disk will be charged will attract the 
light figures placed on the lower disk, which will leap upwards; 
and after touching the upper disk and being electrified, will be re- 
pelled to the low^ disk, and this jumping action of the figures will 
continue so long as the machine is worked. An electrical dance is 

thus exhibited for the amusement of 
young persons. 

1796. Curious eotperiments on dec^ 
trified water, — Let a small metallic 
bucket B, Jig. 519., be suspended from 
the prime conductor of a machine, and 
let it have a capillary tube o B of the 
siphon form immersed in it ; or let it 
have a capillary tube inserted in the 
bottom ; the bore of the tube being so 
small, that water cannot escape from 
it by its own pressure. When the 
machine is put in operation, the par- 
ticles of water becoming eleotrified^ 
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will repel eacli other, and immediately an abundant stream will issue 
from the tube; and as the particles of water after leaving the tube 
still exercise a reciprocal repulsion, the stream will diverge in the 
form of a brush. 

If a sponge saturated with water be suspended from the prime 
conductor of the machine, the water, when the machine is first worked, 
will drop slowly from it ; but when the conductor becomes strongly 
electrified, it will descend abundantly, and in the dark will exhibit 
the appearance of a shower of luminous rain. 

1797. Experiment with electrified sealing-wax, — Let a piece of 
sealing-wax be attached to the pointed end of a metallic rod ; set 
fire to the wax, and when it is in a state of fusion blow out the 
flame, and present the wax within a few inches of the prime con- 
ductor of the machine. Strongly electrified myriads of fine filaments 
will issue from the wax towards the conductor, to which they will 
adhere, forming a sort of net-work resembling wool. This effect is 
produced by the positive electricity of the conductor decomposing 
the natural electricity of the wax ; and the latter being a conductor 
when in a state of fusion, the negative electricity is accumulated in 
the soft part of the wax near the conductor, while the positive elec- 
tricity escapes along the metallic rod. The particles of wax thus 
negatively electrified being attracted by the conductor, are drawn into 
the filaments above mentioned. 

1798. Electrical see-saw, — The electrical see-saw a h, fig. 520., is 

a small strip of wood covered over with silver 

j( yleaf or tinfoil, insulated on c like a balance. 
A slight preponderance is given to it at a, so 
that it rests on a wire having a knob m at its 
top; ^ is a similar metallic ball insulated. 
Fig. 620. Connect p with the interior, and m with the 

exterior coating of the jar, charge it, and the 
see-saw motion of a 6 will commence from causes similar to those 
which excited the movements of the pith balls. 
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CHAP. X. 

THERMAL EFFECTS OF ELECTRICITY. 

1799. A cur refit of electricity passing over a condiictor raises its 
temperature.- — If a current of electricity pass over a conductor, as 
would happen when the conductor of an electrical machine is con- 
nected by a metallic rod with the eartb, no change in the thermal 
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condition of the conductor will be observed so long as its transverse 
section is so considerable as to leave sufficient space for the free 
passage of the fluid. But; if its thickness be diminished, or the 
quantity of fluid passing over it be augmented, or, in general, if the 
ratio of the fluid to the magnitude of the space afforded to it be 
increased, the conductor will be found to undergo an elevation of 
temperature, which will be greater the greater the l][uantity of the 
electricity and the less the space supplied for its passage. 

1800. Uxperimental verification. — Wire heated^ fased^ and 
ifumed, — If a piece of wire of several inches in length be placed 
upon the stage of the universal discharger (1744), a feeble charge 
transmitted through it will sensibly raise its temperature. By in- 
creasing the strength of the charge, its temperature may be elevated 
to higher and higher points of the thermometric scale; it may be 
rendered incandescent, fused, vaporized, and, in fine, burned. 

With the powerful machine of the Taylerian Museum at Haarlem, 
Yan Marum fused pieces of wire above 70 feet in length. 

Wire may be fused in water; but the length which can be melted 
in this way is always less than in air, because the liquid robs the 
metal of its heat more rapidly than air, 

A narrow ribbon of tinfoil, from 4 to 6 inches in length, may be 
volatilized by the discharge of a common battery. The metallic va- 
pour is in this case oxidized in the air^ and its filaments float like 
those of a cobweb. 

1801. Thermal effects are greater as the conducting power is less. 
— ^These thermal etiPects are manifested in different degrees in different 
metals, according to their varying conducting powers. The worst 
conductors of electricity, such as platinum and iron^ suffer much 
greater changes of temperature by the same charge than the best 
conductors, such as gold and copper. The charge of electricity, 
which only elevates the temperature of one conductor, will sometimes 
render another incandescent, and will volatilize a third. 

1802. Ignition of metak.-^li a fine silver wire be extended be- 
tween the rods of the universal discharger (1744), a strong charge 
will make it bum with a greenish flame. It will pass off in a greyish 
smoke. Other metals may be similarly ignited, each producing a 
flame of a peculiar colour. If the experiments be made in a receiver, 
the products of the combustion being collected^ will prove to be the 
metallic oxides. 

If a gilt thread of silk be extended between the rods of the dis- 
charger, the electricity will volatilize or bum the gilding, without 
affecting the silk. The effect is too rapid to allow the time necessary 
for the heat to affect the silk. 

A strip of gold or silver leaf placed between the leaves of paper, 
being extended between the rods of the discharger, will be burnt by 
a discharge from a jar having two square feet of coating. The me- 
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tallic oxide will in tbis case appear on the^aper as a patch of purple 
colour in the case of gold, and of grey colour in that of silver. 

A spark from the prime conductor of the great Haarlem machine 
burnt a strip of gold leaf twenty inches long by an ^nch and a half 
broad. 

1803. Effect on fulmiTKiting silver, — The heat developed in the 
passage of electricity through combustible or explosive substances, 
which are imperfect conductors, causes their combustion or explo- 
sion. 

A small quantity of fulminating silver placed on the point of a 
knife, explodes if brought within a few feet of the conductor of an 
electrical machine in operation. In this case the explosion is pro- 
duced by induction. 

1804. Electric pistol. — The electrical pistol or cannon is charged 
with a mixture of hydrogen and oxygen gases, in the proportion 
necessary to form water. A conducting wire terminated by a knob 
is inserted in the touch-hole, and the gases are confined in the barrel 
by the bullet. An electric spark imparted to the ball at the touch- 
hole, causes the explosion of the gases. This explosion is produced 
by the sudden combination of the gases, and their conversion into 
water, which, in consequence of the great quantity of heat developed, 
is instantly converted into steam of great elasticity, which, by its 
expansion, forces the bullet from the barrel in the same manner as 
do the gases which result from the explosion of gunpowder. 

1806. Ether and alcohol ignited. — Ether or alcohol may be fired 
by passing through it an electric discharge. Let cold water be 
poured into a wine-glass, and let a thin stratum of ether be carefully 
poured upon it. The ether being lighter will float on the water. 
Let a wire or chain connected with the prime conductor of the ma- 
chine be immersed in the water, and, while the machine is in action, 
present a metallic ball to the surface of the ether. The electric 
charge will pass from the water through the ether to the ball, and 
will ignite the ether. Or, if a person standing on an insulating 
stool, and holding in one hand a metallic spoon filled with ether, 
present the surface of the ether to a conductor, and at the same time 
apply the other hand to the prime conductor of a machine in opera- 
tion, the electricity will pass from the prime conductor through the 
body of the person to the spoon, and from the spoon through the 
ether, to the conductor to which the ether is presented, and in so 
passing will ignite the ether. 

1806. Resinous powder burned. — The electric charge transmitted 
through fine resinous powder, such as that of colophony, will 
ignite it. This experiment may be performed either by spreading 
the powder on the stage of the discharger (1744), or by impreg- 
nating a hank of cotton with it; or, in a still more striking manner, 
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by spiinkliDg it on the surface of water contained in an earthenware 
saucer. 

1807. Gunpowder exploded. — Gunpowder may, in like manner, 
be ignited by electricity. This experiment is most conveniently 
exhibited by placing the powder in a small wooden cup, and con- 
ducting the electric charge along a moist thread, six or seven 
inches long, attached to the arm of the discharger, which is con- 
nected with the negative coating of a jar, and the charge, in its 
passage from one rod of the discharger to the other will ignite the 
powder. 

1808. Electric mortars. — The electric mortar, ^^. 
c^^^^\^^ 521., is an apparatus by which the gunpowder is 
J^^^n^ ignited by passing an electric charge through it. ^ 
The mixed gases may also be used in this instru- 
ment. 
Common air or gas, not being explosive, is heated so 
suddenly and intensely by transmitting through it an 
electric charge, that it will expand so as to project the 
ball from the mortar. 

1809. Kinnerslei/s electrometer. — Kinnersley's elec- 
tric thermometer. Jig. 522., is an instrument intended 
to measure the degree of heat developed in the passage 
of an electric charge by the expansion of air. The dis- 
charge takes place between the two balls h h' in the 
glass cylinder, and the air confined in the cylinder 
being heated expands, presses upon the liquid contained 
in the lower part of the cylinder, and causes the liquid 
in the tube t^ to rise. The variation of the column 
of liquid in the tube 1 1' indicates the elevation of tem- 
Fig. 622. perature. 



Fig. 621. 
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LUMINOUS EFFECTS OF ELECTRICITY. 

1810. Electric fluid not luminous. — The electric fluid is not 
luminous. An insulated conductor, or a Leyden jar or l^attery, how- 
ever strongly charged, is never luminous so long as the electric equi- 
librium is maintained and the fluid continues in repose. But if this 
equilibrium be disturbed, and the fluid move from one conductor to 
another, such motion is, under certain conditions, attended with 
luminous phenomena. 

1811. Conditions under which light is developed hy an electric 
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current — One of the conditions necessary to the development of 
light by the motion of the electric flkiid is, that the electricity should 
have a certain intensity. If the conductor of an ordinary electric 
machine while in operation be connected with the ground by a thick 
metallic wire, the current of the fluid which flows along the wire to 
the ground will not be sensibly luminous ; but if the machine be one 
of great power, such for example as the Taylerian machine of Haar- 
lem, an iron wire 60 or 70 feet long communicating with the ground 
and conducting the current will be surrounded by a brilliant light. 
The intensity of the electricity necessary to produce this effect de- 
pends altogether on the properties of the medium in which the fluid 
moves. Sometimes electricity of feeble intensity produces a strong 
luminous effect, while in other cases electricity of the greatest inten- 
sity developes no sensible degree of light. 

It has been already explained that the electric fluid with which 
an insulated conductor is charged is retained upon it only by the 
pressure of the surrounding air. According as this pressure is 
increased or diminished, the force necessary to enable the elec- 
tricity to escape will be increased or diminished, and in the same 
proportion. 

When a conductor b in communication with the ground approaches 
an insulated conductor A charged with electricity, the natural elec- 
tricity of B will be decomposed, the fluid of the same name as that 
which charges A escaping to the earth, and the fluid of the opposite 
name accumulating on the side of B next to A. At the same time, 
according to what has been explained (1786), the fluid on A accu- 
mulates on the side nearest to B. These two tides of electricity of 
opposite kinds exert a reciprocal attraction, and nothing prevents 
them from rushing together and coalescing, except the pressure of 
the intervening air. They will coalesce, therefore, so soon as their 
mutual attraction is so much increased as to exceed the pressure of 
the air. 

This ipcrease of mutual attraction may be produced by several 
causes. First, by increasing the charge of electricity upon the con- 
ductor A, for the pressure of the fluid will be proportional to its 
depth or density. Secondly, by diminishing the distance between 
A and B, for the attraction increases in the same ratio as the square 
of that distance is diminished ; and thirdly, by increasing the conduct- 
ing power of either or both of the bodies A and B, for by that means 
the electric fluids, being more free to move upon them, will accumu- 
late in greater quantity on the sides of A and B which are presented 
towards each other. Fourthli/, by the form of the bodies A and B, 
for according to what has been already explained (1776), the fluids 
will accumulate on the sides presented to each other in greater or 
less quantity, according as the form of those sides approaches to that 
of an edge, a corner, or a point. 

II. 24 
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When the force excited by the fluids surpasses the restndning 
force of the intervening air, they force their passage through the air, 
and, rushing towards each other, combine. This movement is at- 
tended with light and sound. A light appears to be produced be- 
tween the points of the two bodies A and B, which has been called 
the electric spark, and this luminous phenomenon is accompanied by 
a sharp sound like the crack of a whip. 

1812. The electric spark, — The luminous phenomenon called the 
electric spark does not consist, as the name would imply, of a lumi- 
nous point which moves fi'om the one 
body to the other. Strictly speaking, 
the light manifests no progressive mo- 
tion. It consists of a thread of light, 
which for an instant seems to connect 
the two bodies, and in general is not 

Fig. 528. extended between them in one straight 

unbroken direction like a thread which 
might be stretched tight between them, but has a zig-zag form resem- 
bling more or less the appearance of lightning, fig, 523. 

1813. Electric aigrette, — If the part of either of the bodies A or 
B which is presented to the other have the form of a point, the elec- 
tric fluid will escape, not in the form of a spark, but as an aigrette 
or brush light, the diverging rays of which sometimes have the length 
of two or three inches. A very feeble charge is sufficient to cause 
the escape of the fluid when the body has this form (1776). 

1814. The length of the spark, — ^If the knuckle of the finger or 
a metallic ball at the end of a rod held in the hand be presented to 
the prime conductor, of a machine in operation, a spark will be pro- 
duced, the length of which will vary with the power of the machine. 

By the length of ^ spark must be understood the greatest dis- 
tance at which the spark can be transmitted. 

A very powerful machine will so charge its prime conductor that 
sparks may be taken from it at the distance of 30 inches. 

1815. Discontiniums conductors produce luminous effects. — Since 
the passage of the electricity produces light wherever the metallic 
continuity, or more generally wherever the continuity of the con- 
ducting material is interrupted, these luminous effects may be multi- 
plied by so arranging the conductors that there shall be interruptions 
of continuity arranged in any regular or desired manner. 

1816. Various experimental illustrations, — ^If a number of metal- 
lic beads be strung upon a thread of silk, each bead being separated 
from the adjacent one by a knot on the silk so as to break the con- 
tact, a current of electricity sent through them will produce a series 
of sparks, a separate spark being produced between every two succes- 
sive beads. By phicing one end of such a string of beads in contact 
with the conductor of the machine, and the other end in metallic 
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Fig. 524. 



commnnicatioii with the ground, a chain of sparks can be maintained 
80 long as the machine is worked. 

The string of beads may be disposed so as to form a variety of 
fancy designs, which will appear in the dark in characters of light. 

Similar effects may be produced by attaching bits of metallic foil 
to glass. Sparkling tubes and plates are contrived in this manner, 

by which amusing experiments are 
exhibited. A glass plate is repre- 
sented in jig. 624, by which a word 
is made to appear in letters of light 
in a dark room. The letters are 
formed by att.aching lozenge-shaped 
bits of tinfoil to the glass, disposed 
in the proper form. In the same 
manner designs may be formed on the inner surface of glass tubes, 
or, in fine, of glass vessels of any form. 

In these cases the luminous characters may be made to appear in 
lights of various colours, by using spangles of different metals, sinee 
the colour of the spark varies with the metal. 

1817. Effect of rarefied air, — When the electric fluid passes 
through air, the brilliancy and colour of the light evolved depends 
on the density of the air. In rarefied air the light is more difiused 
and less intense, and acquires a reddish or violet colour. Its colour, 
however, is affected, as has been just stated, by the nature of the 
conductors between which the current flows. When it issues from 

gold the light is green, from silver red, from tin or 
zinc white, from water deep yellow inclining to 
orange. 

It is evident that these phenomena supply the 
means of producing electrical apparatus by which 
an infinite variety of beautiful and striking lumi- 
nous effects may be produced. 

When the electricity escapes from a metallic point 
in the dark, it forms an aigrette, ^^. 525., which 
will continue to be visible so long as the machine 
is worked. 




Fig. 525. 



The luminous effect of electricity in rarefied air is exhibited by an 




Fig. 526. 
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apparatOB, Jvg^ 526., coDsistiDg of a glass receiver h V^ which can be 
screwed upon the plate of an air-pump and partially exhausted. The 
electric current passes between two metallic balls attached to rods^ 
which slide in air-tight collars in the covers of the receiver hV. 

It is observed that the aigrettes formed by the negative fluid are 
never as long or as divergent as those formed by the positive fluid, 
an effect which is worthy of attention as indicating a distinctive 
character of the two fluids. 

1818. Experimental imitation of the auroral light. — This phe- 
nomenon may be exhibited in a still more remarkable manner by 
usiug, instead of the receiver h 6', a glass tube two or three inches 
in diameter, and about thirty inches in length. In this case a pointed 
wire being fixed to the interior of each of the caps^ one is screwed 
upon the plate of the air-pump, while the external knob of the other 
is connected by a metallic chain with the prime conductor of the 
electrical machine. When the machine is worked in the dark, a suc- 
cession of luminous phenomena will be produced in the tube, which 
bear so close a resemblance to the aurora borealis as to suggest the 
most probable origin of that meteor. When the exhaustion of the 
tube is nearly perfect, the whole length of the tube will exhibit a 
violet red light. If a small quantity of air be admitted, luminous 
flashes will be seen to issue from the two points attached to the caps. 
As more and more air is admitted, the flashes of light which glide 
in a serpentine form down the interior of the tube will become more 
thin and white, until at last the electricity will cease to be diffused 
through the column of air^ and will appear as a glimmering light at 
the two points. 

1819. Phosphorescent effect of the spark, — The electric spark 
leaves upon certain imperfect conductors a trace which continues ix) 
be luminous for several seconds, and sometimes even so long as a 
minute after the discharge of the spark. The colour of this species 
of phosphorescence varies with the substances on which it is pro- 
duced. Thus white chalk produces an orange light. With rock 
crystal the light first red turns afterwards white. Sulphate of baiyta, 
amber, and loaf sugar render the light greeU; and calcined oyster- 
shell gives all the prismatic colours. 

1820. Lefichtenher^ s figures, — The spark in many cases produces 
effects which not only confirm the hypothesis of two fluids, but indi- 
cate a specific difference between them. One of these has been 
already noticed. The experiment known as Leichtenberg's figures 
presents another example of this. Let two Leyden jars l^ charged, 
one with positive, the other with negative electricity ; and let sparks 
be given by their kuobs to the smooth and well-dried surface of a 
cake of resin. Let the surface of the resin be then slightly sprinkled 
with powder of Semen lycopodii, or flowers of sulphur, and let the 
powder thus sprinkled be blown off. A part will remain attached 
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to the spots where the electric sparks were imparted. At the spot 
which received the positive spark, the adhering powder will have the 
form of a radiating star ; and at the point of the negative spark it 
will have that of a roundish clouded spot. 

1821. Experiments indicating specific differences between the two 
fluids. — ^If lines and figures be traced in like manner on the cake of 
resin, some with the positive and some with the negative knob^ and 
a powder formed of a mixture of sulphur and minium be first 
sprinkled over the cake and then blown off, the adhering powder 
will mark the traces of the two fluids imparted by the knobs, the 
traces of the positive fluid being yellow, and those of the negative 
red. In this case the sulphur is attracted by the positive electricity, 
and is therefore itself negative ; and the minium by the negative elec- 
tricity, and is therefore itself positive. The mechanical effects of the 
two fluids are also different, the sulphur powder being arranged in 
divergent lines, and the minium in more rounded and even traces. 

Let two Leyden jars, one charged with positive and the other with 
negative electricity, be placed upon a plate of glass coated at its 
under surface with tinfoil at a distance of six or eight inches asunder, 
and let the surface of the glass between them be sprinkled with semen 
lycopodii. Let the jars be then moved towards each other, and let 
their inner coatings be connected by a discharging rod applied to 
their knobs. A spark will pass between their outer coatings through 
the powder, which it will scatter on its passage. The patii of the 

positive fluid will be distinguishable from that of 
the negative fluid, as before explained, by the pecu- 
liar arrangement of the powder ; and this difference 
will disappear near the point where the two fluids 
meet, where a large round speck is sometimes seen 
bounded by neither of the arrangements which 
characterize the respective fluids. 

1822. Electric light above the barometric 
column. — The electric light is developed in every 
form of elastic fluid and vapour when its density is 
very inconsiderable. A remarkable example of this 
is presented in the common barometer. When the 
mercurial column is agitated so as to oscillate lo 
the tube, the space in the tube above the colmxia 
becomes luminous, and is visibly so in the dtck. 
This phenomenon is caused by the e&ct <if 
electricity developed by the friction of ^ 
and the glass upon the atmosphere of 
vapour which fills the space iHbovc xik <*.. 
the tube. 
1823. Cavendish! s electric harometnr, — !!5if iwv^n: ^xannasis nf 
Cavendish, fi^. 527.; illnstraies likas^ : 





Fig. 627. 
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barometers are connected at the top by a curved tube, so that the 
spaces above the two columns communicate with each other. When 
the instrument is agitated so as to make the columns oscillate^ electric 
light appears in the curved tube. 

1824. LumiTuyus effects prodvAied hy imperfect condtictors, — The 
electric spark or charge transmitted by means of the universal dis- 
charger and Leyden jar or battery through various imperfect con- 
ductorS; produces luminous effects which are amusing and instructive. 

Place a small melon, citron, apple, or any similar fruit on the 
stand of the discharger; arrange the wires so that their ends are not 
far asunder, and at the moment when the jar is discharged the fruit 
becomes transparent and luminous. One or more eggs may be 
treated in the same manner if a small wooden ledge be so contrived 
that their ends may just touch, and the spark can be sent through 
them all. Send a charge through a lump of pipe-clay, a stick of 
brimstone, or a glass of water, or any coloured liquid, and the entire 
mass of the substance will for a short time be rendered luminous. 
As the phosphorescent appearance induced is by no means powerful, 
it will be necessary that these experiments should be performed in a 
dark room, and indeed the effect of the other luminous electrical phe- 
nomena will be heightened by darkening the room. 

1825. Attempt to explain electric light, — ^ thermal hypothesis, 
— No explanation of the physical cause of the electric spark, or of 
the luminous effects of electricity, has yet been proposed which has 
commanded general assent. It appears certain, for the reasons 
already stated, and from a great variety of phenomena, that the elec- 
tric fluids themselves are not luminous. The light, therefore, which 
attends their motion must be attributed to the media, or the bodies 
through which or between which the fluids move. Since it is certain 
that the passage of the fluids through a medium developes heat in 
greater or less quantity in such medium, and since heat, when it 
attains a certain point, necessarily developes light, the most obvious 
explanation of the manifestation of light was to ascribe it to a mo- 
mentary and extreme elevation of temperature, by which that part of 
the medium, or the body traversed by the fluid, becomes incandescent. 

According to this hypothesis, the electric spark and the flash of 
lightning are nothing more than the particles of air, through which 
the electricity passes, rendered luminous by intense heat. There is 
nothing in this incompatible with physical analogies. Flame we 
know to be gas rendered luminous by the ardent heat developed in 
the chemical combinations of which combustion is the effect. 

1826. Hypothesis of decomposition and recomposition. — ^Accord- 
ing to another hypothesis, first advanced by Ritter and afterwards 
adopted by Berzelius, Oersted, and Sir H. Davy, the electric fluids 
have strictly speaking no motion of translatiop whatever, and never 
in fact desert the elementary molecules of matter of which, accord- 
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ing to the spirit of this hypothesis, they form an essential part. 
Each molecule or atom composing a body is supposed to be primi- 
tively invested with an atmosphere of electric fluid, positive or nega- 
tive, as the case may be, which never leaves it. Bodies are accord- 
ingly classed as electro-positive or electro-negative, according to the 
fluid attracted to their atoms. Those atoms which are positive 
attract so much negative fluid, and those which are negative so much 
positive fluid, as is sufficient to neutralize the forces of their proper 
electricities, and then the atoms are unelectrized and in their natural 
state. 

When a body is charged with positive electricity, its atoms act by 
induction upon the atoms of adjacent bodies, and these upon the 
atoms next beyond them, and so on. The fluids in the series of 
atoms through which the electricity is supposed to pass, assumes a 
polar arrangement such aa that represented in fig. 528. 
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Fig. 628. 

The first atom of the series being surcharged with + electricity acts 
by induction on the second, and decomposes its natural electricity, 
the negative fluid being attracted to the side near the first atom, and 
the positive repelled to the side near the third atom. The same effect 
is produced by atom 2 on atom 3, by atom 3 on atom 4, and so on. 
The surplus positive fluid on 1 then combines with and neutralizes 
the negative fluid on 2 ; and, in like manner, the positive fluid on 2 
combines with and neutralizes the negative fluid on 3, and so on until 
the last atom of the series is left surcharged with positive electricity. 

Such is the hypothesis of decomposition and recomposition which 
is at present in most general favour with the scientific world. 

The explanation which it affords of the electric spark and other 
luminous electric effects, may be said to consist in transferring the 
phenomenon to be explained from the bodies themselves to their com- 
ponent atoms, rather than in affording an explanation of the effect 
in question, inasmuch as the production of light between atom and 
atom by the alternate decomposition and recomposition of the elec- 
tricities stands in as much need of explanation as the phenomenon 
proposed. ^ 

1827. Cracking noise attending electric sparh, — The sound pro- 
duced by the electric discharge is obviously explained by the sudden 
displacement of the particles of the air, or other medium through 
which the electric fluid passes. 
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CHAP. xn. 

PHYSIOLOGICAL EPPEOTS OP ELECTRICITY. 

1828. Electric shock eopplained, — The material substances which 
enter into the composition of the bodies of animals are generally im- 
perfect conductors. When such a body, therefore, is placed in 
proximity with a conductor charged with electricity, its natural elec- 
tricity is decomposed, the fluid of a like name being repelled to the 
side more remote from, and the fluid of the contrary name being 
attracted to the side nearest to, the electrified body. If that body be 
very suddenly removed from or brought near to the animal body, 
the fluids of the latter will suddenly sufler a disturbance of their 
equilibrium, and will either rush towards each other to recombine, 
or be drawn from each other, being decomposed; and owing to the 
imperfection of the conducting power of the fluids and solids com- 
posing the body, the electricity in passing through it will produce a 
momentary derangement, as it does in passing through air, water, 
paper, or any other imperfect conductor. If this derangement do 
not exceed the power of the parts to recover their position and orgar 
nization, a convulsive sensation is felt, the violence of which is greater 
or less according to the force of electricity and the consequent 
derangement of the organs ; but if it exceed this limit, a permanent 
injury, or even death, may ensue. 

1829. SecoTkdary shock, — It will be apparent from this, that the 
nervous effect called the electric shock does not require that any elec- 
tricity be actually imparted to, abstracted from, or passed through the 
body. The momentary derangement of the natural electricity is 
sufficient to produce the effect with any degree of violence. 

The shock produced thus by induction, without transmitting elec- 
tricity through the body, is sometimes called the secondary shock. 

The physiological effects of electricity are extremely various, 
according to the quantity and intensity of the charge, and according 
to the part of the body affected by it, and according to the manner 
in which it is imparted. 

1880. Effect produced on the skin hy proximity to an electrifi^ 
body. — When the back of the hand is brought near- to the glass 
cylinder of the machine, at the part where it passes from under the 
silk flap, and when therefore it is strongly charged with electricity, 
a peculiar sensation is felt on the skin, resembling that which would 
be produced by the contact of a cobweb. The hairs of the skin 
being negatively electrified by induction, are attracted and drawn 
against their roots with a slight force. 

1831. Effect of the sparks talcen on the knuckle, — The effect of 
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the shock produced by a spark taken from the prime conductor by 
the knuckle is confined to the hand ; but with a very powerful ma- 
chine, it will extend to the elbow. 

1832. MeOiods of limiting and regulating the sTiock hy a jar, — 
The effects of the discharge of a Leyden jar extend through the whole 
body. The shock may, however, be limited to any desired part or 
member by placing two metallic plates connected with the two coat- 
ings of the jar on opposite sides of the part through which it is de- 
sired to transmit the shock. 

1833. Effect of discharges of various force. — ^The violence of the 
shock depends on the magnitude of the charge, and may be so in- 
tense as to produce permanent injury. The discharge of a single jar 
is sufficient to kill birds, and other smaller species of animals. The 
discharge of a moderate-sized battery will kill rabbits, and a battery 
of a dozen square feet of coated surface will kill a large animal, es- 
pecially if the shock be transmitted through the head. 

1834. Phenomena observed in the auUypsis after death hy the 
shock. — When death ensues in such cases, no organic lesion or other 
injury or derangement has been discovered by the autopsis ) never- 
theless, the violence of the convulsions which are manifested when 
the charge is too feeble to destroy life, indicates a nervous derange- 
ment as the cause of death. 

1835. Effects of a long succession of moderate discharges. — A 
succession of electric discharges of moderate intensity, transmitted 
through certain parts of the body, produce alternate contraction and 
relaxation of the nervous and muscular organs, by which the action 
of the vascular system is stimulated and the sources of animal heat 
excited. 

1836. Effects upon a succession of patients receiving the same dis- 
charge. — The electric discharge of a Leyden jar may be transmitted 
through a succession of persons placed hand in hand, the first com- 
municating with the internal, and the last with the external coating 
of the jar. 

In this case, the persons placed at the middle of the series sustain 
a shock less intense than those placed near either extremity, — another 
phenomenon which favors the hypothesis of two fluids. 

1837. Remarkahle experiments of Collet, Dr. Watson^ and others. 
— A shock has in this manner been sent through a regiment of sol- 
diers. At an early period in the progress of electrical discovery, M. 
Nollet transmitted a discharge through a series of 180 men ] and at 
the convent of Carthusians a chain of men being formed extending 
to the length of 5400 feet, by means of metallic wires extended be- 
tween every two persons composing it, the whole series of persons 
was affected by the shock at the same instant. 

Experiments on the transmission of the shock were made in Lon- 
don by Dr. Watson, in the presence of the Council of the Eoyal 
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Society, when a circuit was formed by a wire carried from one side 
of the Thames to the other over Westminster Bridge. One extremity 
of this wire communicated with the interior of a charged jar, the 
other was held by a person on the opposite bank of the river. This 
person held in his other hand an iron rod, which he dipped in the 
river. On the other side near the jar stood another person, holding 
in one hand a wire communicating with the exterior coating of the 
jar, and in the other hand an iron rod. This rod he dipped in the 
river, when instantly the shock was received by both persons, the 
electric fluid having passed over the bridge, through the body of the 
person on the other side, through the water across the river, through 
the rod held by the other person, and through his body to the ex- 
terior coating of the jar. Familiar as such a fact may now appear, 
it is impossible to convey an adequate idea of the amazement bor- 
dering on incredulity with which it was at that time witnessed. 
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CHAP. xni. 

CHEMICAL AND MAGNETIC EFEEGTS OF ELECTRICITY. 

1838. Phenomena which mpply the basis of the electro-chemical 
theory. — If an electric charge be transmitted through certain com- 
pound bodies they will be resolved into their constituents, one com- 
ponent always going in the direction of the positive, and the other 
of the negative fluids. This class of phenemena has supplied the 
basis of the electro-chemical hypothesis already briefly noticed (1826). 
The constituent which goes to the positive fluid is assumed to consist 
of atoms which are electrically negative, and that which goes to the 
negative fluid, as consisting of atoms electrically positive. 

1839. Faraday's experimental illiistration of this. — This class 
of phenomena is more prominently developed by voltaic electricity, 
and will be more fully explained in the following Book. For the 
present it will therefore be sufficient to indicate an example of this 
species of decomposition by the electricity of the ordinary machine. 
The following experiment is due to Professor Faraday. 

Lay two pieces of tinfoil t t', fig. 528. a, on a glass plate, one 
being connected with the prime conductor of the machine, and the 
other with the ground. Let two pieces of platinum wire p p', rest- 
ing on the tinfoil, be placed with their points on a drop of the solu- 
tion of the sulphate of copper c, or on a piece of bibulous paper 
wetted with sulphate of indigo in muriatic acid, or iodide of potassium 
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in starch; or litmus paper wetted with a solution of common salt or 
of sulphate of soda,, or upon turmeric paper containing sulphate of 
soda. 




Fig. 528 a. 

In all these cases the solutions are decomposed : in the first, the 
copper goes to the positive wire ; in the second the indigo is bleached 
by the chlorine discharged at the same wire ; in the third the iodine 
is liberated at the same wire ; in the fourth the litmus paper is red- 
dened by the acid evolved at the positive wire, and when muriatic is 
used, it is bleached by the chlorine evolved at the same wire ; and, 
in fine, in the fifth case, the turmeric paper is reddened by the alkali 
evolved at the negative wire. 

1840. Effect of an electric discharge on a magnetic needle, — 
When a stream of electricity passes over a steel needle or bar of iron, 
it produces a certain modification in its magnetic state. If the needle 
be in its natural state it is rendered magnetic. If it be already mag- 
netic its magnetism is modified, being augmented or diminished in 
intensity, according to certain conditions depending on the direction 
of the current and the position of the magnetic axis of the needle ; 
or it may have its magnetism destroyed, or even its polarity reversed. 

This class of phenomena, like the chemical effects just mentioned, 
are, however, much more fully developed by voltaic electricity; and 
we shall therefore reserve them to be explained in the following 
Book. Meanwhile, however, the following experiments will show 
how common electricity may develop them. 

1841. Experimental illustration of tliis. — Place a narrow strip 
of copper, about two inches in length, on the stage of the universal 
discharger, and over it place a leaf of any insulating material, upon 
which place a sewing needle transversely to the strip of copper. 
Transmit several strong charges of electricity through the copper. 
The needle will then be found to be magnetized, the end lying on tho 
right of the current of electricity being its north pole. 

If the same experiment be repeated, reversing the position of the 
needle, it will be demagnetized. But by repeating the electric dis- 
charges a greater number of times, it will be magnetized with the 
poles reversed. 
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1842. Discovery of galvanism. — ^In traciDg the progress of physi- 
cal science, the greatest discoveries are frequently found to originate, 
not in the sagacity of observers, but in circumstances altogether 
fortuitous. One of the most remarkable examples of this is pre- 
sented by Voltaic Electricity. Speaking of the voltaic pile, Arago, 
in his Eloge de Yolta, says, that ^^ this immortal discovery arose in 
the most immediate and direct manner, from an indisposition with 
which a Bolognese lady was affected in 1790, for which her medical 
adviser prescribed frog-^oth" 

Galvani, the husband of the lady, was Professor of Anatomy in 
the University of Bologna. It happened that several frogs, prepared 
for cooking, lay upon the table of his laboratory, near to which his 
assistant was occupied with an electrical machine. On taking sparks 
from time to time from the conductor, the limbs of the frogs were 
affected with convulsive movements resembling vital action. 

This was the effect of the inductive action of the electricity of the 
conductor upon the highly electroscopic organs of the frogs; but 
Galvani was not sufficiently conversant with this branch of physics to 
comprehend it, and consequently regarded it as a new phenomenon. 
He proceeded to submit the limbs of frogs to a course of experiments, 
with the view to ascertain the cause of what appeared to him so 
strange. For this purpose, he dissected several frogs, separating the 
legs, thighs, and lower part of the spinal column from the remainder, 
BO as to lay bare the lumbar nerves. He then passed copper hooks 
through that part of the dorsal column which remained above the 
junction of the thighs, without any scientific object, but merely for 
the convenience of suspending them until required for experiment. 
It chanced, also, that he suspended these copper hooks upon the iron 
bar of the balcony of his window, when, to his inexpressible aston- 
ishment, he found that whenever the wind or any other accidental 
cause brought the muscles of the leg into contact with the iron bar, 
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tbe limbs were affeoted b; con-roMTe moromonta umilar to those 
produced by tbe sparks taken &0111 the ooiidnotor of the electric 

machine. 

Thia fitct, reprodaced and generalized, supplied the foundation of 
the theorj of animal electricity propounded by Qalvani, and for s 
considerable time uniyersally accepted. In this theory it was 
assumed, that in the animal economy there ezistfi a Bpecific hodicc of 
electricity ; that at the junction of the nerves and mUBcles this elec- 
tricity is decomposed, the positive finid passing to the nerve, and the 
negative to the muscle; and that, conseqaently, the nerve and muscle 
are in a state of relative electrirail tension, analogous to that of the 
internal and external coatings of a charged Leyden jar. When, 
under these circamsl&noes, rods of metal z c,Jig[. &29., are applied, 
one to the nerve, and the other to the muscle, the opposite electri- 
cities msh towards each other along the conducting rods j a discba^ 
of the nerve and muscle takes place, like 
that of the Leyden jar ; and this mo- 
mentary derangement of the electrical 
condition of the organ produces the con- 
vulsive movement. 

1843. Volta's correction o/GalDani't 
ihemy. — Volta, then Professor of Natu- 
ral PbUosophy at Como, and afterwards 
at Favia, repeating the experiments of 
Galvani, overturned his theory by va- 
rious ingenious experimental tests, one 
Fig. £29. of which conusted in showing that the 

effects of the electric shock were equally 
produced when both metallic rods were applied to the muscle, neither 
touching the nerve. He contended that Oaivani, in taking the nerve 
and muscle to represent the coatings of the Leyden jar, and the 
metallic rods the discharging conductor, had precisely inverted the 
truth, for that the rods represented the jar, and the nerve and muscle 
the conductor. 

If the rods, as Qalvani supposed, played the part of the metalli* 
conductor, communicating between the opposite electricities impnied 
to the nerve and muscle, a ungle rod of one uniform metal would 
serve this purpose, not only as well, but better than two rods of 
different metals ; whereas, the presence of tit:o different metah in 
contact, was essential to the development of the phenomenon. 

In &ie, Volta maintained, and ultimately proved, that the electri- 
city decomposed, was not that of the nerve and muscle, but that of 
the metallic rods; that the seat of the decomposition was not the 
junction of the nerve and muscle, but the junction of the two meUls; 
that the positive and negative fluids passed, not upon the nerve and 
miiBcle, but upon the iron and copper forming the rods flowing in 
II. 25 
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opposite direetiions ftom their point of junction ; and that^ in fine, 
the nerve and mnscle^ or the latter alone, served merely as the con- 
ductor by which the opposite electricities developed on the metals 
were recomposed, exactly as they would if placed between the internal 
and external coatings of a charged, Leyden jar. 

1844. Theory of animal electricity eocploded, — After a conflict 
of some years' duration, the animal electricity of Galvani fell before 
the irresistible force of the reasoning and experiments of Yolta, 
whose theory obtained general acceptation. This form of electrio 
agency has since been denominated indifferently^ galvanism or 

VOLTAIC ELECTRICITY. 

1845. Comtact hypothesis of Volta, — According to the hypothesis 
of Volta, now known as the contact theory, any two different 
metals, or, or, more generally, any two different bodies which are 
conductors of electricity, being placed in contact, a spontaneons 
decomposition of their natural electrieity will be effected at their 
8ur£eice of contact, the positive fluid moving from such surface and 
.diffusing itself over the one, and the negative moving in the contrary 
direction and difiusing itself over the other, the surface of contact 
constituting a neutral line separating the two fluids. 

1846. ^tectro-motive force. — This power of electric decomposition 
was called by Volta, electro-motive force. 

Different bodies placed in contact manifest different electro-motive 
forces, the energy of the electro-motive force being measured by the 
quantity of electricity decomposed. 

Its direction and intensity. — The electro-motive force acts on the 
two fluids in opposite directions, but it will be convenient to designate 
its direction by that of the positive fluid. 

To indicate, therefore, the electro-motive force developed when 
any two conductors are placed in contact, it is necessary to assign the 
energy and direction of such force, which is done by showing the 
intensity of the electricity developed, and the conductor towards 
which the positive fluid is directed. 

1847. Classification of bodies a,ccording to their electro-motive 
fropertiy, — Although the results of experimental research are not 
in strict accordance on these points, the electric tensions produced 
by the mere contact of heterogeneous conductors being in general so 
feeble as to elude the usual electroscopio. tests, it has nevertheless 
been found, that bodies may be arranged so that any one placed in 
contact with another holding a lower place in the series, will receive 
the positive fluid, the lower receiving the negative fluid, and so that 
the electro-motive force of any two shall be greater the more distant 
they are from each other in the series. How far the results of expe- 
nmental researches are in accordance on these points, will be seen by 

Tiparing the following series of electromotors given by Volta, Pfaff, 
4ci, and Peclet : — 
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VolU. 


Ffaff. 


Henrici. 


Fflclet. 


Zino. 


Zinc. 


Zinc. 


Zina 


Lead. 


Lead. 


Lead. 


Lead. 


Tin. 


Cadmium. 


Tin. 


Tin. 


Iron. 


Tin. 


Antimony. 


Bismuth. 


Copper, 


Iron. 


Bismuth. 


Antimony. 


Silver. 


Bismuth. 


Iron. 


Iron. 


Graphite. 


Cobalt. 


Brass. 


Copper. 


Charcoal. 


Arsenic. 


Copper. 


Silver. 


Crystallized amber. 


Copper. 


Silver. 


Gold. 


9f 


Antimony. 


Mercury. 


Platinum. 




Platinum. 


Gold. 






Gold. 


Platinum. 






Mercury. 








Silver. 








Charcoal. 







To which Pfaff adds the following mineral substances in the order 
here given: Argentum vitreum (vitreous silver ore), sulphurous 
pyrites, cuprum mineralisatum pyritaceum (yellow copper ore), 
galena, crystallized tin, niccolnm sulphuratum arsenicum pyritaceum 
(arsenical mundiok), molybdena, protoxide of uranium, oxide of tita- 
nium, graphite, wolfram (tungstate of iron and manganese), gypsum 
stillatium, crystallized amber, peroxide of lead (?) 

It is to be un<lerstood, that, according to the results of ,the experi- 
mental researches of the observers above namfid, the electro^motive 
force produced by the contact of any two of the bodies in .the pre- 
ceding series will be directed from that which holds the lower to 
that which holds the higher place, and that the energy of suoh electro- 
motive force will be greater the more remote the one body is from 
the other in the series. 

1848. Rdoition of electro-motive force to susceptibility of oxidor 
tion, — The mere inspection of these several series will suggest the 
general conclusion, that the electro-motive force is directed from the 
less to the more oxidable body, and that the more the one exceeds 

^the other in its susceptibility of oxidation, the more energetic will 
be the electro-motive force. Thus, a combination of zinc with plati- 
num produces more electro-motive energy than a combination of zino 
with any of the more oxidable metals. 

If several electromotors of the series be placed in contact in any 
order, the total electro-motive force developed is found to be the same 
as if the first were immediately in contact with the last. The inter- 
mediate elements are therefore in this case inefficient. 

1849. Analogy of electro-motive action to induction. — It appears, 
therefore, that when two pieces of different metals taken from the 
series of electromotors, such as zinc and copper for example, are 
brought into contact, an electric state is produced in their combined 
mass similar to that which would be produced by placing an insu- 
lated conductor charged with positive electricity near the copper side 
of the combination. The inductive action of such a conductor would 
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decompose the nataral electricity of the combined masS; attracting 
the negative fluid to the side near the conductor, that is, to the cop- 
per element, and repelling the positive fluid to the opposite side, that 
is, to the zinc element. But this is precisely the effect of the electro- 
motive force of the two metals as already described. 

Let z and C^fig. 530., be cylinders of zinc and copper placed end 
to end. The former will, by the contact, be charged with positive, 

and the latter with negative electricity. lict 
f j*^^ ^^^SHJ ^^ ^^^ cylinders, being insulated, be sepa- 
rated, and the other negatively electrifled ; 
but in this case the intensity of the elec- 
tricity developed upon them will be so 
feeble, that it cannot be rendered manifest 
Fig. 630. jjy ^jjy ^£ ^^ ordinary electroscopio tests. 

Let it, however, be imparted to the collecting plate of a powerful 
condensing electroscope, and, after the two cylinders z and c are 
discharged, let them be again placed in contact. They will be again 
charged by their elecko-motive action, and their charges may, as 
before, be imparted to the collecting plates of the electroscopes ] and 
this process may be repeated until the electricities of each kind accu- 
mulated in the plates of the electroscopes becomes sensible. 

1850. Electro-motive action of gases and liquids. — Several Ger- 
man philosophers have recently instituted elaborate experimental 
researches to determine the electro-motive action of liquids, and even 
of gases, on solids and on each other. The labours of Pfaff have 
been especially directed to this inquiry, and have enabled him to 
arrive at the following general conclusions respecting the electro- 
motive force developed by the contact of solid with liquid conductors. 

The electro-motive force produced by the contact of alkaline liquids 
with the metals, is generally directed from the metal to the liquid, 
and its energy is greater the higher is the place held by the metal in 
the series of electromotors ^1847). Tj^us, tin, antimony, and zinc, 
in contact with caustic potasn, caustic soda, or ammonia, have a more 
energetic action than platinum, bismuth, or silver. 

The electro-motive force of nitric acid in contact with a metal, is 
invariably directed from the acid to the metal. In this acid, iron 
and platinum are the most powerful, and zinc the most feeble elec- 
tromotors. 

Sulphuric and hydrochloric acid, in contact with those metals 
which stand at the head of the series (1847), develop a force directed 
from the metal to the acid, and in contact with those at the lowest 
part of the series, produce a force directed from the acid to the metal. 
Thus, these acids in contact with the less oxidable metals, as gold, 
platinum, copper, give an electro-motive force directed from the acid 
to the metal; but in contact with the more oxidable, as antimony, 
tin, or zinc, give a force directed from the metal to the acid. 
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When the metals axe placed in contact with weak aoid^ or saline 
solutions generally, the electro-mative force is directed from the metal 
to the liquid, the energy of the force being in general greater the 
higher is the place of the metal in the series of electromotors ('1847). 
In the case of the metals holding the lowest places in the series, the 
electro-motive force is in some instances directed with feeble intensity 
from the liquid to the metal. 

1851. Differences of opinion as to the origin of electrO'motiue 
action. — Since the date of the discoveries of Volta to the present 
day, opinion has been divided in the scientific world as to the actual 
origin of that electrical excitation which is here expressed by the 
term electro-motive force, and which, as has been explained, Yolta 
ascribed to the mere mechanical contact of heterogeneous conductors. 
Some have contended — and among them many of the most eminent 
recent discoverers in this branch of physics — that the real origin of 
the electro-motive force is the chemical action which takes place 
between the solid and liquid conductors; and that, in the oases 
^ where there is an apparent development of electricity by the contact 
of heterogeneous solid conductors, its real source has been the unper- 
ceived chemical action of moisture on the more oxidable electro- 
motor. Others, without disputing the efficacy of chemical action, 
maintain that it is a secondary agent, merely exciting the electro- 
motive energy of the solid conductors. Thus, Martens holds that 
liquids are not properly electromotors at all, but rather modify the 
electro-motive force of the metals in contact with them ; so that they 
may be considered as sometimes augmenting and sometimes diminish- 
ing the effect of the two metals. It is admitted by the partisans of 
. the theory of contact, that the liquids which most powerfully influ- 
ence the electro-motive force of the solids are those which act chemi- 
cally on them with greatest energy. But it is contended, that liquids 
which produce no chemical change on the metal with which they are 
in contact^ do nevertheless affect its electro-motive action. 

It fortunately happens, that this polemic can produce no obstacle 
to the progress of discovery, nor can it affect the certitude of the 
general conclusions which have been based upon observed facts ; 
while, on the other hand, the spirit of the opposition arising from 
the conflicting theories, has led to experimental results of the highest 
importance. 

Whatever, therefore, be the origin of the electricity developed 
under the circumstances which have been described, we shall con- 
tinue to designate it by the term electro-motive force, by which it 
was first denominated by its illustrious discoverer; and we shall 
invariably designate as the direction of this force that which the 
positive fluid takes in passing from one element to another in the 
voltaic combination. 

• 1852. Polar arrangement of the fluids in all electro-motive com- 
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htnoHons. — In every voltaic combination, therefore, the effect of 
the electro-motive force is a polar arrangement of ihe decomposed 
fluids ; the positive fluid being driven towards that extremity of the 
system to which the electro-motive force is directed, and the negative 
fluid retiring towards the other extremity. 

1853. Positive and negative poles, — These extremities are there- 
fore denominated the poles of the system ; that towards which the 
electro-motive force is directed, and where the positive fluid is col- 
lected, being the positive, and the other the negative pole. 

1854. JSlectro-motive effect of a liquid interposed between two 
§olid conductors, — When a liquid conductor is placed in contact 
with and between two solid conductors, an electrical condition is 
induced, the nature of which will be determined by the quantities 
and direction of the electro-motive forces developed at the two sur- 
&C6S of contact The several varieties of condition presented by 

uch a voltaic arrangement are represented injig. 531. to^. 536. 



+ 
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^H 


^B 




Fig. 636. 



Fig. 536. 



Let z and o represent the solid, and l the liquid conductors ; and 
let the arrows directed from the two surfaces of contact represent 
in each case the direction of the electro-motive forces. 

If the electro-motive forces be both directed to the same pole, as 
in Jigs, 531., 532., that pole receiving all the positive fluid trans- 
mitted by the conductors will be the positive pole, and the other, 
receiving all the negative fluid transmitted, will be the negative 
pole. 

The quantity of electricity with which each pole will be charged, 
will be the sum of the quantities developed by the electro-motive 
forces at the two surfaces, diminished by the sum of the quantities 
intercepted by reason of the imperfect conducting power of the liquid 
and solids, and by reason of the quantity intercepted in passing from 
the liquid to the solid conductors at their common surface. 

If the electro-motive forces be directed to opposite poles, that pole 
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to whicli the more energetic is directed will be the positive pole. 
The varieties of conditions presented by this case are represented in 
figs. 533., 534., 535., and 536. Each pole in these cases receives 
positive fluid from one surface, and negative from the other. That 
to which the more energetic electro-motive force is directed receives 
more positive than negative fluid, and is therefore charged with posi- 
tive fluid equal to their difference, and is, consequently, the positive 
pole. The other receives more negative than positive fluid, and is, 
consequently, the negative pole. 

In the case represented in fig, 533., the electro-motive force be- 
tween z and L is the more energetic. A greater quantity of positive 
fluid is received by c from the surface z L than of negative fluid from 
the surface c l, and the surplus of the former above the latter con- 
stitutes the free electricity of the positive pole cT. In like manner, 
the quantity of negative fluid received by the pole z from the surface 
z l predominates over the quantity of positive fluid received from the 
surface c l, and the surplus of the former over the latter constitutes 
the free electricity of the negative pole z. 

The like reasoning, mutatis mutandisy will be applicable to figs, 
534., 536., in which the electro-motive force between z and l is the 
more energetic, and to fig. 535., in which the electro-motive force 
between c and l is the more energetic. 

In all these cases, the quantity of electricity with which the poles 
are charged is the difference between the actual quantities developed 
by the two electro-motive forces, diminished by the difference between 
the quantities intercepted by the imperfection of the conduction of the 
liquid and solid, and in passing through the surface which separates 
the liquid and solid conductors. 

1855. Electro-motive action of two liquids between two solids. — 
The quantity of electricity developed may be augmented by placing 
different liquid conductors in contact with the two solid conductors. 
In this case, however, it is necessary to provide some expedient by 
which the two liquids, without being allowed to intermingle, may 
nevertheless be in contact, so that the electricities transmitted from 
the electro-motive surfaces may pass freely from the one liquid to the 

other. This may be accomplished by sepa- 
rating the liquids by a diaphragm or parti- 
tion composed of some porous material, 
which is capable of imbibing the liquids, 
without being sufficiently open in its texture 
to allow the liquids to pass in any con side- 
Fig. 637. rable quantity through it. A partition of 

unglazed porcelain is found to answer this 
purpose perfectly. Such an arrangement is represented in fig. 537., 
where z and c are the solid electromotors, l and l' the two liquids, 
and P the porous partition separating them. 
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1856. Practical examples of sv^h combinations. — ^As a practical 
example of the application of these principles, let the liquid L, Jigr- 
531., be concentrated Bulphoric acid placed between a plate of zinc z^ 
and a plate of copper o. In this case the electro-motiye force is di- 
rected from z to L, and from L to o ; and, consequently, the tension 
of the negative electricity on z, and the positive electricity on c, will 
be the sum of the tensions transmitted &om the two surfaces^ and z 
will be the negative, and c the positive pole (1854). 

If the liquid be a dilute solution of acid or salt, or a strong alka- 
line liquid, the electro-motive forces are both directed from the 
metal to the liquid, but that of the zinc is more energetic than that 
of the copper; consequently z, Jig. 533., will in this ease be the 
negative, and c the positive pole, the energy of the combination 
being proportional to the difiference of the two electro-motive 
forces. 

If the liquid be dbncentrated nitric acid, the electro-motive forces 
will be both directed from the liquid to tiie metals. In this case 
the zinc z, fig. 535., being the more feeble electromotor, the 
copper element o will be the positive, and the zinc z the negative 
pole. 

If two different liquids be interposed between plates of the same 
metal, the conditions which affect the development of electricity may 
be determined by similar reasoning. 

If z and 0, fig. 537., be two plates of the same metal, and l and 
l' be two liquids, between which and the metal there are unequal 
electro-motive forces, the effect of such an arrangement will be a 
polar development, the positive pole being that to which the electro^ 
motive forces are directed if they have a common direction, and that 
of the more energetic if they act in opposite directions. The inten- 
sity of the charge at the poles will be in the one case the sum, and 
in the other the difference of the quantities of fluid transmitted. 

As a practical example of the application of this principle, let the 
metals z and c be both platinum, and let L be an alkaline solution, 
and l' concentrated nitric acid. In this case the electro-motive forces 
will be directed from z to L, and from l' to C, and the effect of the 
arrangement will be similar to that represented in^. 531. 

1857. Most powerful combinations determined. — The most pow- 
erful voltaic arrangements are produced by taking two metals from 
the extremes of the electro-motive series (1847), and interposing 
between them two liquids, the electro-motive force of one being 
directed from the metal to the liquid, and of the other from the liquid 
to the metal, and so selecting the liquids, subject to this latter condi- 
tion, as to have the greatest possible electro-motive action on the 
respective metals. 

Observing these principles, voltaic combinations of extraordinary 
power have bisen produced by interposing dilute sulphuric L, fig. 
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537v &n<i concentrated nitric acid jI, between zinc z, and carbon or 
platinum o. In snch a combination, strong electro-motive forces are 
developed; directed from the zinc to the acids, and from the acids to 
the carbon or platinum. The zinc is therefore the negative, and the 
carbon or platinum the positive pole of the system. 

1858. Form of electro-motive combination, — We have selected 
the form of parallel plates or columns, which has been supposed in 
the arrangements here described, merely because of the clearness and 
simplicity which it gives to the exposition of the principles upon 
which all voltaic combinations act. This form, although it was that 
of the earliest voltaic systems, and is still in some cases adhered to, 
is neither essential to the principle of such arrangements, nor conve- 
nient where the development of great force is required. In order to 
obtain as great an extent of electro-motive surface in as small a 
volume as is practicable, the form of hollow cylinders of varying 
diameters, placed concentrically in cylindrical vessels a little larger, 
and containing the exciting liquid, is now generally preferred. 

1859. YoUa^sfirst combination, — The simple arrangements first 
adopted by Volta consisted of two equal discs of metal, one of zinc, 
and the other of copper or silver, with a disc of cloth or bibulous 
card, soaked in an acid or saline solution, between them. These 
were usually laid, with their surfaces horizontal, one upon the 
other. 

1860. WoUa^iorCs combination, — The late Dr, Wollaston pro- 
posed an arrangement, in which the copper plate was bent into two 
parallel plates, a space between them being left for the insertion of 
the zinc plate, the contact of the plates being prevented by the 
interposition of bits of cork or other non-conductor. The system 
thus combined was immersed in dilute acid contained in a porcelain 
vessel. 

1861. JETare's spiral arrangement. — This consists of two metallic 
plates, one of zinc and the other of copper, of equal length, rolled 
together into the form of a spiral, a space of a quarter of an inch 
being left between them. They are maintained parallel without 
touching, by means of a wooden cross at top and bottom, in which 
notches are provided at proper distances, into which the plates are 
inserted, the two crosses having a common axis. This combination 
is let into a glass or porcelain cylindrical vessel of corresponding 
magnitnde, containing the excitiug liquid. 

This arrangement has the great advantage of providing a very con- 
siderable electro-motive surface with a very small volume. 

The exciting liquid recommended for these batteries when great 
power is desired, is a solution in water of 2 J per cent, of sulphuric, 
and 2 per cent, of nitric acid. A less intense but more durable 
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action may be obtaiDed by a solution of common edt, or of 3 to 5 
per cent, of Bulphuric acid only. 

1862. Amalgamation of ihe zinc. — Whatever be the form of the 
uraDgement, its force and uniformity of action will be promoted by 
amalgamating the zinc element, vbich may be best accomplished va. 
tlie following manner. 

Immerse the rough plate or cylinder of zinc in a solution of Bul- 
phuric acid cont^ning fiom 12 to 16 percent, of add, until the thin 
film of oxydc which usually oollecta on the snr&ce of the metal be 
dissolved. Then wash it well in water, and immerse it in a dilate 
solution of the nitrate of mercury. After a shgrt time a perfectly 
uniform amalgam will be formed on the Bur&ce of the zinc. JLet 
tbe zinc be then washed in wa(«r and rubbed dry with aaw-dust. 

1863. (^lindrical i:omi{nation vitK one ftuid. — Voltaic snrstems 
of the cylindrical form uBuaUy consist of two hollow cylinders of 
different metals, one of which, however, is always Einc. The excitiiig 
liquid being placed in a cylindrical vessel a little longer than the 
greater of the two hollow metallic cylinders, these are immersed in 
it concentrically with it and with each other. A part of each pro- 
jecting from the top of the vessel becomes the pole of the ayetem. 

Such a combination is represented in vertical section in_^. 538-, 



Fig^US. 



Fig. MS. 



where V V is a vessel of glazea porcelain, containing the acid or 
saline solution, Z2 is a hollow cylinder of ainc, and c C a similar 
hollow cylinder of copper, each being open at both ends, and sepa- 
rated firom each other by a space of a quarter to half an inch. Strips 
of metal c P and z n represent the poles, that connected with the 
zinc being the negative, and that connected with the copper being 
the positive pole. 

In some cases the porcelain vessel v V is dispensed with, and Ae 
acid solution is placed in a cylindrical copper vessel, in which the 
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hollow cyliniler of lanc ia immeraed, resting upon some nonnjoncluct- 
iDg support. Such BD arraDgemeut is represented is/o. 539., in 
vertical eection, c being the copper yessel, z z the anc cylinder, and 
F Mid N the poles. 

1864. (h/lindrieal combinatiom with too Jluidt. — Cylindrical 

arrrangements with two ezciUng 
liquids are made in the following 
''' manner. The hollow cylinder of 
mnc z z, open at both ends aa 
' already described, is placed in a 
vessel of glazed porcelain v v, 
fg. 540. Withm this is phiced 
a cylindrical vessel vv, r^ un- 

f lazed porcelain, a littlo less in 
iameter than die zinc Z z, so 
that a space of abont a quarter 
of aa inch may separate their stir- 
feces. In this vessel vv, is in> 
8ert«d a cylinder o o of ptatinom, 
Fig. SIO. open at the ends, and a little less 

than vv, aa that their suriacea 
e about a quarter of an inoh asunder. Dilute sulphuric add 
u poured into the vessel v V, and concentrated nitric acid into 
According to what has been already explained (1857), f pro- 
ceeding from the platinum will then be tie positive, and n proceed- 
ing from the zinc the negative pole. 

1865. Groves battery. — This arrangement is known as Grove's 
BATTEEY. Varfous modificBtJons have neen suggested with the view 
to increase the electro-motive surface of the platinum and economize 
expense. Oriiel suggests the tise of thin platinum, attached by pla- 
tinum wires to a central asis, from which from 4 to 6 leaves or flaps 
diverge. Poggendorf proposes a single leaf of platinum, greater in 
breadth than the diameter of the vessel v c in the ratio of about S 
to 2, and bent into the form of an S, so as to pass freely into it. 
Pfaff proposes to coat the inner surface of the vessel v v with leaf 
platinum. Peschel affirms, after having tried this ezpedient, that it 
IB less effective than the former. 

In these systems it ie recommended to use a solution of sulphuric 
acid containing from 10 to 25 per oent. of add, and nitric acid of 
the speoifio gravity of 1-33. 

1866. Bunsen'i iaUery. — The voltaic system known as Bunsen'b, 
is similar to the preceding, eubstituting charcoal for platinum. The 
charcoal cylinder used for this purpose, is made from the residuum 
taken from the retorts of gas-works. A strong porous mass is pro- 
duced by repeatedly baking the pulverized o^e, to which the re- 
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qaired form in easily impEtrted. Mesan. Delenil and Sod, of Puis, 
have fabricated batteries on this prinraple with great encceaa. I have 
one at present in nee conusting of fifCj pairs of anc and carbon 
cjlinders, the dao being 2 J inohee diameter, and 8 inches high, which 
performH very aatisfectorily. 

The electro-motive forces of Grove's and Hansen's batteries are 
considered to be, ceteris paribiu, equal. 

1867. Daniel's eonxlant battery, — The vol- 

. taio arrangement known as Daniel's constant 

' battery con^sts of a. copper cylindrical vessel 

I cc,fy. 541., widening near the top ad. In 

this is placed a cylindrical vessel of unglazed 

(porcelain p. In this latter is placed the hollow 
cylinder of zinc z, already described. The 

apace between the copper and porcelain vesseb 

is filled with a saturated solution of the sal- 
Fig. S41. phate of copper, which is maintained in a stat« 
of saturation by crystals of the aalt placed ia 
the wide cup ahcd,ia the bottom of which ia a grating composed 
of wire carried in a zigzag direction between two concentric rings, as 
represented in plan at o. The vessel/), containing the zinc, is filled 
with a solution of sulphoric acid, oontain- 
» ing from 10 to 25 per cent, of acid when 
a greater electro-motive power is required, 
and from 1 to 4 per cent, when more mode- 
rate action is sufficient. 

1868. FlniiUet'i modification o/DanieP» 
battery. — The following modification of 
Daniel's system was adopted by M. Pouillet 
in his experimental researches. A hollow 
cylinder a, fig. 542., of thin copper, ia 
ballasted with sand b, having a flat bottom 
c, and a conical top d. Above this cone 
the sides of the copper cylinders are con- 
tinued, and terminate in a flange e. Be- 

tween this flange and the base of the cone, 

Fig. 543. and near the base, b a ring of holes. This 

copper vessel is placed in a bladder which 
fits loosely like a glove, and ia tied round the neck under the flange 
f,. The saturated solution of the sulphate of copper is poured into 
the cup above the cone, and, flowing through the ring of holes, fills 
the space between the bladder and the copper vessel. It is main- 
tained in its state of saturation by crystals of the salt deposited in 
the cup. 

This copper vessel is then immersed in a vessel of glazed porcelain 
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%, containiDg a solution of the sulphacte of zino or the chloride of 
sodium (eommon salt). A hollow cylinder of zinc h, split down the 
side so as to be capable of being enlarged or contracted at pleasure, 
is immersed in this solution surrounding the bladder. The poles are 
indicated bj the conductors p and n, Uie positive proceeding from the 
copper, and the negative from the zinc. 

M. Pouillet states that the action of this apparatus is sustained 
without sensible variation for entire days, provided the cup above the 
oone d is kept supplied with the salt, so as to maintain the solution 
in the. saturated state. 

1869. Advantages and disadvantages of these several systems. — 
The chief advantage of Daniel's system is that from which it takes 
its name, its constancy. Its power, however, in its most efficient 
state, is greatly inferior to that of the carbon or platinum systems of 
Bunsen and Grove. A serious practical inconvenience, however, 
attends all batteries in which concentrated nitric acid is used, owing 
to the diffusion of nitrous vapour, and the injury to which the parties 
working them are exposed by respiring it. In my own experiments 
with Bunsen's batteries the assistants have been often severely 
affected. 

In the use of the platinum battery of Grove, the nuisance pro- 
duced by the evolution of nitrous vapour is sometimes mitigated by 
enclosing the cells in a box, from the lid of which a tube proceeds 
which conducts these vapours out of the room. 

In combinations of this kind, Dr. O'Shaugnessy substituted gold 
for platinum, and a mixture of two parts by weight of sulphuric acid 
to one of saltpetre for nitric acid. 

1870. Smee^s lattery. — The voltaic combina- 
tion called Smee's battery, consists of a porce- 
lain vessel A, Jig, 543, containing an acid solution, 
which may be about 15 per cent, of sulphuric 
acid in water. A plate of iron or silver s, whose 
surfaces are platinized by a certain chemical pro- 
cess, is suspended from a bar of wood a, between 
two plates of zinc z, suspended from the same bar 
without contact with the plate s. The electro- 
motive action 4S explained on the same principle 
as the combinations already described. Mr. Smoe 
claims, as an advantage for this system, its great 
simplicity and power, the quantity of electricity 
evolved being, ceteris paribus, very great, and the 
manipulation easy. 




Fig. 643. 



1871. Wheatstone^ s system. — Professor Wheatstone has proposed 
II 26 
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(he combination represented Id jig. 544. A 
cylndrical veBsel v v, of unglazed and half-baked 
red eartbennare, is placed in another t Y larger 
one of glazed porcelain or glasa. The veesel 
vv ia filled with a pasty amaigani of anc, and 
the space between the two vesselB is filled with 
a saturated Bolation of sulphate of copper. In 
the latter solution is immersed a thin cylinder 
of copper ce. A rod or wire of copper N is 
plunged in the amalgam. The electro-motive 
forces of this system are directed from the amal- 
rig. MA. gam tfi the copper solution; so that p proceeding 

from the copper cylinder is the positive, and x 
proceeding from the amalgam, ia the negative pole. 

The action of this system ia said to be constantj like that of Daniel, 

ao long at least as the vessel u callows equally 

~ free passage to the two fluids, and the atate 

of saturation of the copper solution is main- 

1872. Bagratwn'g system. — A voltaic ar- 
rangement suggested by the Prince Bagra- 
tioD, and said to be well adapted to galvano- 
plaalic purposes, consists of parallel hollow 
cylinders,^. 545., of zinc and copper, im- 
mersed in sand contained in a porcelain ves- 
sel. The sand is kept wet by a solution of 
hydrocblorate of ammonia. 
Fig. 5i(. 1873. BecguereCg tyslem, — M. Becqnerel 

has applied the principle of two fluids and a 
single metal, esplained in (1856) in the following manner : — 
A porcelain vessel 'v,fig. 546., contains concentrated nitric acid. 
A glass cylinder T, to which is attached a bottom of 
unglazed porcelain, ia immersed in it. This cylinder 
contains a solution of common salt. Two .plates 
of platinum are immersed, one in the nitric acid, 
r and the other in the solution of salt. The electro- 
motive forces take effect, the conduction being main- 
tained through tbe porous bottom of the glass vessel 
T, the positive pole being that which proceeds from 
the nitric acid, and the negative that which pro- 
ceeds from the salt. 

1874. Svlwnhein' s modification of Bvnien's hat- 
tery. — M. Schonbein proposes the following modi- 
fication of Bunsen's system. In a vessel of east-iron 
rendered passive, he places a mixture of three parts 
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of concentrated nitric with one of sulphuric acid. In this he im- 
merses the cylindrical vessel of unglazed porcelain which contains 
the zinc, immersed in a weak solution of sulphuric acid. In this 
arrangement the cast-iron vessel plays the part of Bunsen's cylinder 
of charcoal. The positive pole is therefore that which proceeds from 

the cast-iron vessel, and the negative that which is 
is connected with the zinc. 

1875. Grovels gas electro-motive apparatus, — 
We shall conclude this synopsis of the simple vol- 
taic combinations with the gas electro-motive appa- 
ratus of Mr. Grove, one of the most curious and 
interesting that has been contrived. Two glass 
tubes h and o,fig. 647., are inverted in a vessel 
containing water slightly acidulated with sulphuric 
acid. Hydrogen gas h is admitted into one of these, 
and oxygen o into the other in the usual way. A 
narrow strip of platinum passes at the top of each 
tube through an aperture which is hermetically 
closed around it, the strip descending near to the 
bottoms of the tubes. An electro-motive force is 
developed between the platinum and the gases, which is directed 
from the platinum and the oxygen, and from the hydrogen to the 
platinum. The end of the platinum which issues from the hydrogen 
is therefore the positive, and that which issues from the oxygen the 
negative, pole of the system. 




Fig. 647. 



CHAP. 11. 

VOLTAIC BATTERIES. 

1876. YoUoHs invention of the pile. — Whatever may be the effi- 
cacy of simple combinations of electromotors compared one with 
another, the electricity developed even by the most energetic among 
them is still incomparably more feeble than that which proceeds from 
other agencies, and indeed so feeble that without some expedient by 
which its power can be augmented in a very high ratio, it would pos- 
sess very little importance as a physical agent. Volta was not slow 
to perceive this ; but having also a clear foresight of the importance 
of the consequences that must result from it ^ its energy could be 
increased, he devoted all the powers of his invention to discover an 
expedient by which this object could be attained, and happily not 
without success. 

He conceived the idea of uniting together in a connected and con- 
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tindous series, a number of idmple electro-motive combinations^ in 
snch a manner that the positive electricity developed by each should 
flow towards one end of the series^ and the negative towards the other 
end. In this way he proposed to multiply the power of the extreme 
element-s of the series by charging them with all the electricity de* 
veloped by the intermediate elements. 

In the first attempt to realize this conception, circular discs of 
silver and copper of equal magnitude (silver and copper coin served 
the purpose), were laid one over the other, having interposed between 
them equal discs of cloth or pasteboard soaked in an acid or saline 
solution. A pile was thus formed which was denominated a yoi> 
TAio PILE ; and although this arrangement was speedily superseded 
by others found more convenient, the original name was retained. 

Such arrangements are still called voltaic piles, and sometimes 
VOLTAIC BATTERIES, being related to a simple voltaic combination 
in the same manner as a Leyden battery is to a Leyden jar. 

1877. Eocfplanation of the prtnctjple of the pile. — ^To explain the 
principle of the voltaic battery, let us suppose several simple voltaic 
combinations, z'l^c*, z*l*o*, z^V, z*lV, Jig. 548., to be placed, so 
that the negative poles z shall all look to the left, and the positive o 
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Fig. 548. 

to the right. Let the metallic plates be extended, and bent into 
an arc, so as to be placed in contact with the plates z. Let the entire 
series be supposed to stand upon any insulating support, and let the 
negative pole z^ of the first combination of the series be put in con- 
nection with the ground by a conductor. 

If we express by e the quantity of positive electricity developed 
by z^l'o*, the negative fluid escaping by. the conductor, this fluid e 
will pass to cV and from thence along the entire series to the ex- 
tremity G^. The combination z'l^o^ acts in this case as the generator 
of electricity in the same manner as the cushion and cylinder of an 
electrical maohine,^ and the remainder of the series z^*c*, &c., plays 
the part of the conductor, receiving the charge of fluid from z*l*c\ 

The second combination z*L*o* being similar exactly to the first, 
evolves an equal quantity of electricity e, the negative fluid passing 
through z'l^c*, and the conductor to the ground. The positive fluid 
passes from z'^l^o* to the succeeding combinations to the end of the 
series. 

In the same manner, each successive combination acts as a gene- 
rator of electricity, the negative fluid escaping to the ground by the 
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preceding combinations and the conductor, and the positive fluid being 
» diffused over the succeeding part of the series. 

It appears, therefore, that the conductor p connected with the last 
combination of the series must receive from each of the four combi- 
nations an equal charge E of positi^j^ fluid ; so that the depth or 
quantity of electricity upon it will be four times that which it would 
receive from the single*^ combination 7^Jj*& acting alone and uncon- 
\ nected with the remainder of the series. 

In general, therefore, the intensity of the electricity received by 
a conductor attached to the last element of the series will be as many 
times greater than that which it would receive from a single com- 
bination as there are combinations in the series. If the number of 
combinations composing the series be w, and E be the intensity of the 
electricity developed by a single combination, then w X E .will be 
the intensity of the electricity produced at the extremity of the 
series. 

It has been here supposed, that the extremity z* of the series is 
connected by the conductor N with the ground. If it be not so con- 
nected, and if the entire series be insulated, the distribution of the 
fluids developed will be different. In that case, the conductor p will 
receive the positive fluid propagated from each of the electro-motive 
surfaces to the right, and the conductor N will receive the negative 
fluid propagated from each of these surfaces to the left, and each will 
receive as many times more electricity than it would receive from a 
single combination as there are simple combinations in the series. If, 
therefore, e' Express the quantity of fluid which each conductor p and 
N would receive from a single combination 7} j} c*, then n X e' will 
be the quantity it would receive from a series consisting of n simple 
combinations. 

Since two different metals generally enter with a liquid into each 
combination, it has been usual to call these voltaic combinations PAIRS; 
so that a battery is said to consist of so many pairs. 

On the Continent these combinations are called elements; and 
the voltaic pile is said to consist of so many elements, each element 
consisting of two metals and the interposing liquid. 

1878. Effect of the iTnperfect liquid conductors. — In what precedes 
we have considered that all the electricity developed by each pair is 
propagated without resistance or diminution to the poles P and N of 
the pile. This, however, could only occur if the materials composing 
the pile through which the electricity must be transmitted were per- 
fect conductors. Now, although the metallic parts may be regarded 
as practically perfect conductors, the liquid through which the elec- 
tricity must be transmitted in passing from one metallic element to 
^mother is not only an imperfect conductor, but one whose conduct- 
ing power is subject to constant variation. A correction would there- 
fore be necessary in applying the preceding reasoning, the electricity 
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received by the poles P and n being less than n X e', by that portion 
which is intercepted or lost in transmission through the liquid con- 
ductors. The amount of the resistance to conduction proceeding 
from the conductors, liquid and metallic, by which the electricity 
eyolved at the generating sur^e is transmitted to the poles of the 
pile, has not been ascertained with any clearness or certainty. 

Professor Ohm, who has investigated the qttestion of the resistance 
of the conductors composing a battery tb the propagation of the elec- 
tricity through them, maintains that the intensity of the electricity 
transmitted to the poles of the pile is " directly as the sum of the 
electro-motive forces, and inversely as the sum of all the impediments 
to conduction." We do not find, however, that this law has been so 
developed and verified by observation and experiment as to entitle it 
to a place in elementaiy instruction. 

1879. Method of developing electricity in great quantity. — ^If the 
object be to obtain a great quantity of electricity, the elements of the 
pile should be combined by connecting the poles of the same name 
with common conductors. Thus, if all the positive poles be connected 
by metallic wires with one conductor, and all the negative poles with 
another, these conductors will be charged with as much electricity as 
would be produced by a single combination, of which the generating 
surfaces would be equal to the sum of the generating surfaces of all 
the elements of the series ; but the intensity of the electricity thus 
developed would not be greater than that of the electricity developed 
by a single pair. 

1880. Distinction between quantity and intcmmty important. — It 
is of great importance to distinguish between the quantity and the 
intensity of the electricity evolved by the pile. The quantity de- 
pends on the magnitude of the sum of all the surfaces of the electro- 
meters. The intensity depends on the number of pairs composing 
the series. The quantity is measured merely by the actual quantity 
of each fluid received at the poles. The intensity is proportional, 
cseteris paribus, to the number of pairs transmitting electricity to the 
same pole, the fluids being superposed at the poles, and the intensity 
being produced by such superposition. 

Voltaic piles have been composed and constructed in a great variety 
of forms by combining together the various simple electromotive 
combinations which have been described in the last chapter. 

1881. YoUcH s first pile. — The first pile constructed by Volta was 
formed as follows : — A disc of zinc was laid upon a plate of glass. 
Upon it was laid an equal disc of cloth or pasteboard soaked in acid- 
ulated water. Upon this was laid an equal disc of copper. Upon 
the copper were laid in the same order three discs of zinc, wet cloth*, 
and copper, and the same superposition of the same combinations of 
zinc, cloth, and copper was continued until the pile was completed. 
The highest disc (of copper) was then the positive, and the lowest 
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diBo (of zino) the negative polO; according to the 
principles already explained. 

It was nsual to keep the discs in their places by 
confining them between rods of glass. 

Such a pile, with conducting wires connected 
with its poles, is represented in fig. 549. 

1882. The couronne des tasses. — The next ar- 
rangement proposed by Volta formed a step to- 
wards the form which the pile definitely assumed, 
and is known under the name of the couronne 
DES TASSES (ring of cups) : this is represented in 

ffig. 550., and consists of a series of cups or glasses 
containing the acid solution. Rods of zinc and 
copper z c, soldered together end to end, are bent 
into the form of arcs, the ends being immersed in 




Fig. 549. 



\ 
Fig. 660. 



two adjacent cups, so that the metals may succeed each other in 
one uniform order. A plate of zinc, to which a conducting wire N 
is attached, is immersed in the first; and a similar plate of copper, 
with a wire p, in the last cup. The latter wire will be the positive, 
and the former the negative, pole. 

1883. Cruikshank^s arrangement. — The next form of voltaic pile 
proposed was that of Cruikshank, represented in^. 551. This con- 
sisted of a trough of glazed earthenware divided into parellel cells 
corresponding in number and magnitude to the pairs of zinc and 
Copper plates which were attached to a bar of wood, and so connected 
that, when immersed in the cells, each copper plate should be in 
connexion with the zinc plate of the next cell. The plates were 
easily raised from the trough when the battery was not in use. The 
trough contained the acid solution. 

1884. WoUasUnCs arrangement, — In order to obtain within the 
same volume a greater extent of electro-motive surface, Dr. WoUaston 
doubled the copper plate round the zinc plate, without however al- 
lowing them to touch. In this case the copper plates have twice the 
magnitude of the zinc plates. The system, like the former, is at- 
tached to a bar of wood, and being similarly connected, are either let 
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Fig. 551. 



Fig. 552. 



down into a trougli of earthenware divided into cells, as represented 
in^. 552., or into separate glass or porcelain vessels as represented 
in fi^. 553. The latter method has the advantage of affording greater 
facility for discharging and renewing the acid solution. 
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Fig. 553. 

1885. Heliacal pile of Fa<mlty of Sciences at Paris, — The heli- 
acal pile is a voltaic arrangement adapted to pro- 
duce electricity of low tension in great quantity. 
This pile, as constructed for the Faculty of Sciences at 
Paris under the direction of M. Pouillet, consists of 
a cylinder of wood h, fig. 554., of about four inches 
diameter and fifteen inches long, on which is rolled 
spirally two thin leaves of zinc and copper sepa- 
rated by small bits of cloth, and pieces of twine 
extended parallel to each other, having a thickness 
a little less than the cloth. A pair is formed in 
this manner, having a surface of sixty square feet. A single combi- 
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nation of this kind evolves electricity in large qnantity, and a batteiy 
composed of t?wenty pairs is an agent of prodigious power. 

The method of immersing the combination in the 
acid solution is represented in fig. 555. 

1886. Piles are formed by connecting together 
a number of any of the simple electro-motive com- 
binations described in the last chapter, the condi- 
tions under which they are connected being always 
the same, the positive pole of each combination be- 
ing put in metallic connexion with the negative 
pole of the succeeding one. When the combina- 
tions are cylindrical, it is convenient to set them 
in a framing, which will prevent the accidental 
fracture or strain of the connexions. A battery 
of ten pairs of- Grove's or Bunsen's is repre- 
sented with its proper connexions in Jig. 556. 

Pig. 555. 





Pig. 650; 

1887. Conductors connecting the elements. — WhofceveS? be the 
form or construction of the pile, its efficient performance requires 
that perfect metallic contact should be made and maintained between- 
the elements composing it by means of short and good conduotorSw 
Copper wire, or, still better, strips cut from sheet copper from half 
an inch to an inch in breadth, are found the most convenient mate- 
rial for these conductors, as well as for the conductors which carry 
the electricity from the poles of the pile to the objects to which it is 
to be conveyed. In some cases, these conducting wires or strips are 
soldered to metallic plates, which are immersed in the exciting liquid 
of the extreme elements of the pile, and which, therefore, become its 
poles. In some cases, small mercurial cups are soldered to the poles 
of the pile, in which the points of the conducting wires, being first 
scraped, cleaned, and amalgamated, are immersed. Many inconveni- 
ences, however, attend the use of quicksilver, anH these cups have 
lately been very generally superseded by simple clamps constructed in 
a variety of forms, by means of which the conducting wires or strips 
may be fixed in metallic contact with the poles of the pile, with each 
other, or with any object to which the electricity is required to be 
conveyedi Where great precaution is considered necessary to secure 




810 VOLTAIC ELECTRICITY. 

perfect contact, the extremities of the conductors at the points of 

connexion are sometimes gilt by the electrotyping 
process, which may always be done at a trifling cost 
I have not, however, in any case found this necessary, 
having always obtained perfect contact by keeping 
the Biufaces clean, and using screw clamps of the 
form in fig. 557. This is represented in its proper 
magnitude. 

1888. Pile may he placed at any distance /rom 
Fig. 657. p?ac6 of experiment. — It is generally found to be 
inconvenient in practice to keep the pile in the room where the expe- 
riments are made, the acid vapours being injurious in various ways, 
especially where nitric acid is used. It is therefore more expedient 
to place it in any situation where these vapours have easy means of 
escaping into the open air, and where metallic objects are not 
exposed to them. The situation of the pile may be at any desired 
distance from the place where the experiments are made, communi- 
cation with it being maintained by strips of sheet copper as above 
described, which may be carried along walls or passages, contact 
between them being made by doubling them together at the ends 
which are joined, and nailing the joints to the wall. They should 
of course be kept out of contact with any metallic object which might 
divert the electric current &om its course. I have myself a large 
pile placed in an attic connected by these means with a lower room 
in the house,^ by strips of copper which measure about fifty yards. 

1889. MemoraJble piles : Davj/s pile at the Royal Institution. — 
Among the apparatus of this class which have obtained celebrity in 
the history of physical science, may be mentioned the pile of 2000 
pairs of plates, each having a suiface of 32 square inches, at the 
Koyal Institution, with which Davy effected the decomposition of 
the alkalies, and the pile of the Eoyal Society of nearly the same 
magnitude and power. 

1890. Napoleon's pile at Polytechnic School. — In 1808, the 
Emperor Napoleon presented to the Polytechnic School at Paris a 
pile of 600 pairs of plates, having each a square foot of surface. It 
was with this apparatus that several of the most important researches 
of Gay Lussac and Th^nard were conducted. 

1891. Children's great plate battery. — Children's great plate 
battery consisted of 16 pairs of plates constructed by Wollaston's 
method, each plate measuring 6 feet in length and 2f feet in width, 
so that the copper surface of each amounted to 32 square feet ; and 
when the whole was connected, there was an eflFective surface of 512 
square feet. 

1892. Hare's defiagrator. — The pile of Dr. Hare of Philadel- 
phia, called a defiagrator, was constructed on the heliacal principle. 
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and consisted of 80 pairs, each zinc surface measuring 54 square 
inches, and each copper 80 square inches. 

1893. Stratingh's defiagrator, — Stratingh's deflagrator consisted 
of 100 pairs on Wollaston's method. Each zinc surface measured 
200 square inches. It was used either as a battery of 100 pairs or 
as a single combination (1879), presenting a total electromotive sur- 
face of 277 square feet of zinc and 44 of copper. 

1894. Pefjpy^ 'pile at London Institution, — Mr. Pepys constructed 
an apparatus for the London Institution, each element of which 
consisted of a sheet of copper and one of zinc, measuring each fifty 
feet in length and two feet in width. These were wound round a 
rod of wood with horsehair between them. Each bucket contained 
fifty-five gallons of the exciting liquid. 

1895. Powerful batteries on Daniel and Groves principles, — 
These and all similar apparatus, powerful as they have been, and 
memorable as the discoveries in physics are to which several of them 
have been instrumental, have fallen into disuse, except in certain 
cases, wh^e powerful physiological effects are to be produced; since 
the invention of the piles of two liquids, which, with a number of 
elements not exceeding forty, and a surface not exceeding 100 square 
inches each, evolve a power equal to the most colossal of the appa- 
ratus above described. 

The most efficient voltaic apparatus are formed by combining 
Daniel's, Grove's, or Bunsen's single batteries, connecting their 
opposite poles with strips of copper as already described. Grove's 
battery, constructed by Jacobi of St. Petersburg, consists of 64 pla- 
tinum plates, each having a surface of 36 square inches ; so that 
their total surface amounts to 16 'square feet. This is considered to 
be the most powerful voltaic apparatus ever constructed. According 
to Jacobi's estimate, its effect is equal to a Daniel's battery of 266 
square feet, or to a Hare's deflagrator of 5500 square feet. 

1896. Dry piles. — The term dry pile was originally intended 
to express a voltaic pile composed exclusively of solid elements. 
The advantages of such an apparatus were so apparent, that attempts 
at its invention were made at an early stage in the progress of elec- 
trical science. In such a pile, neither evaporation nor chemical 
action taking place, the elements could suffer no change ; and the 
quantity and intensity of the electricity evolved would be absolutely 
uniform and invariable, and its action would be perpetual. 

1897. Deluc* s pile, — The first instrument of this class constructed 
was the dry pile of Deluc, subsequently improved by Zamboni. 
This apparatus is prepared by soaking thick writing-paper in milk, 
honey or some analogous animal fluid, and attaching to its surface 
by gum a thin leaf of zinc or tin. The other side of the paper is 
coated with peroxide of manganese. Leaves of this are superposed, 
the sides similarly coated being all presented in the same direction. 
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and circular discs are cnt of an inch diameter by a circular cutter. 

Several thousands being laid over one another, are pressed into a 
close and compact column by a screw, and the sides of the column 
are then thickly coated with gum-lac. 

The origin of the electromotive force of the pile is various. Be- 
sides the contact of heterogeneous substances, chemical action inter- 
venes in several ways. The organic matter acts upon the zinc as 
well as upon the manganese, reducing the latter to a lower state of 
oxidation. 

1898. Zamboni^s jpik, — Piles, having two elements only, have 
been constructed by Zamboni. These consist of one metal and one 
intermediate conductor, either dry or moist. K the former, the 
discs are of silver paper laid with their metallic faces all looking the 
same way ; if the latter, a number of pieces of tinfoil, with one end 
pointed and the other broad, are l^d in two watch-glasses which con- 
tain water, in such a manner, that the pointed part lies in one glass 
and the broad part in the other. After some time, they develope at 
their poles a feeble electricity, which they retain for several days, the 
metalUc pole being positive in the dry pUe, and the pointed end of 
the zinc in the moist one. 

1899. Piles of a single metal, — Piles of a single metal have been 
constructed by causing one surface to be exposed to a chemical 
action different from the other. This may be e£Pected by rendering 
one surface smooth and the other rough. A pile of this kind has 
been made with sixty or eighty plates of zinc of four square inches 
surface. These are fixed in a wooden trough parallel to each other, 
their polished faces looking the same way, and an open space of the 
tenth to the twentieth of an inch being left between them, these 
spaces being merely occupied by atmospheric air. If one extremity 
of this apparatus be put in communication with the ground, the other 
pole will sensibly afiPect an electroscope. 

In this case, the electromotive action takes place between the air 
and the metal. 

1900. jRitter^s secondary pUes. — The secondary piles, sometimes 
called Hitteb's piles, consist of alternate layers of homogeneous 
metallic plates, between which some moist couductiDg substance is 
interposed. When they stand alone, no electro-motive force is 
developed ; but, if they be allowed to continue for a certain time in 
connexion with the poles of a battery, and then disconnected, posi- 
tive electricity will be found to be accumulated at that end which 
was connected with the positive pole, and negative electricity at the 
other end ; and this polar condition will continue for a certain time, 
which will be greater the less the electrical tension imparted. This 
phenomenon has not been satisfactorily explained, but would seem 
to arise from the low conducting power of the strata of liquid inter- 
posed between the plates. 
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1901. The voltaic current. — ^TKie voltaic pile differs from the eleo- 
trioal machine, inasmuch as it has the power of constantly reproducing 
whatever electricity may be drawn from it by conductors placed in 
connexion with its poles, without any manipulation, or the interven- 
tion of any agency external to the pole itself. So prompt is the 
action of this generating power, that the positive and negative fluids 
pass from the respective poles through such conductors in a contin- 
uous and unvarying stream, as a liquid would move through pipes 
issuing from a reservoir. The pile may indeed be regarded as a 
reservoir of the electric fluids, with a provision by which it constantly 
replenishes itself. 

If two metallic wires be connected at one end with the poles p and 
N, Jig. 558., of the pile, and at the other with any conductor o, 
through which it is required to transmit the electricity evolved in 
the pUe, the positive fluid will pass from p along the wire to o, and 
the negative fluid in like manner from n to o. The positive fluid 




Fig. 658. 

will therefore form a stream or current from p through o to n, and 
the negative fluid a contrary current from n, through o to P. 

It might be expected that the combination of the two opposite 
fluids in equal quantity would reduce the wire to its natural state ; 
and this would, in fact, be the case, if the fluids were in repose upon 
the wire, which may be proved by detaching at the same moment 
the ends of the wires from the poles P and n. The wires and the 
conductor o will, in that case, show no indication of electrical excite- 
ment. If the wire be detached only from the negative pole n, it will 
be found as well as the conductor o, to be charged with positive elec- 
tricity; and if it be detached from the positive pole P, they will be 
charged with negative electricity, the electricity in each case being 
in repose. But when both ends of the wire are in connexion with 
the poles P and n, the fluids, being in motion in contrary directions. 

II. 27 
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along the wire and intermediate conductors, impart to these qualities 
which show that they are not in the nataral or nnelectnfied state, 
but which have nothing in common with the qualities which belong 
to bodies charged with the electric fluid in repose. Thus, the wire 
or conductor will neither attract nor repel pith balls, nor produce any 
electroscopic effects. They will, however, produce a great variety of 
other phenomena, which we shall presently notice. 

The state of the electricities in thus passing between the poles of 
the piles .through a metallic wire or other conductor exterior to the 
pile, is called a yoltaio current. 

1902. Direction of the current — Although, according to what 
has been stated, this current consists of two streams flowing in con- 
trary directions, it receives its denomination exclusively from the 
positive fluid ; and, accordingly, the direction oe the current is 
always firom the positive pole through the wire or other conductor to 
the negative pole. 

It is necessary, however, to observe, that in passing through the 
pile itself from element to element, it moves from the negative pole 
to the positive pole. The direction and course of the current is indi- 
cated in^. 558. by the arrows. 

1903. Poles ofOie pile, how distinguished. — In designatang the 
poles of the pile, much confusion and obscurity, and consequent 
difficulty to students, has arisen from identifying the poles of the 
pile with the extreme plates of metal composing it. In the piles 
first constructed by Yolta, the last plate at the positive end was zinc, 
and the last at the negative end copper ; and such an arrangement 
was often retained at more recent periods. Hence the positive pole 
was called the zinc pole, and the negative pole the copper pole. The 
extreme plates being afterwards dispensed with, the final plate at the 
positive end became copper, and that at the negative end zinc ; and, 
consequently, the positive pole was then the copper pole, and the 
negative pole the zinc pole. 

This confusion, however, may be avoided, by observing that the 
poles, positive or negative, are not dependent on the plates or cylin- 
ders of metal with which the pole may terminate, but on the direc- 
tion of the electromotive forces of its elements. In general, in a 
pile composed of zinc and copper elements, the zinc plates of each 
pair all look towards the positive pole, and the copper plates towards 
the negative pole. It must, however, be observed, that, in the ordi- 
nary arrangement, one element of a pair is placed at each extremity 
of the pile, and constitutes its pole, the pair being only completed 
when the poles are united by the conducting wire. Thus, the pole 
to which the copper elements look, terminates in a zinc plate in 
contact with the exciting liquid, but not with the adjacent copper 
plate ; and the pole to which the zinc plates look terminates in like 
* manner with a copper plate in contact with the exciting liquid, but 
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not with the adjacent zinc plate. The single extreme plates of 
zinc and copper thus forming the poles of the pile being connected 
by the conducting wire, form, in fact, a pair through which the cur- 
rent passes exactly as it passes through any other pair in the series. 

1904. Voltaic circuit — When the poles are thus connected by 
the conducting wire, the Voltaic circuit is said to be oomplete^ 
and the current continually flows, as well through the pile as through 
the conducting wire. In this state the pile constantly evolves elec- 
tricity at its electromotive surfaces, to feed and sustain the current ; 
but if the voltaic circuit be not completed by establishing a continu- 
ous conductor between pole and pole, then the electricity will not he 
in motion, no current will flow ; but the wire or other conductor 
which is in connexion with the positive pole will be charged with posi- 
tive^ and that in connexion with the negative pole will be charged 
with negative electricity, of a certain feeble tension, and in a state of 
repose. Since, in such case, the electricity with which the pile is 
charged has no other escape than by the contact of the surrounding 
atmosphere, the electromotive force is in very feeble operation, 
having only to make good that quantity which is dissipated by the 
air. The moment, however, the voltaic circuit is completed, the pile 
enters into active operation, and generates the fluid necessary to sua* 
tain the current. 

These are points which it is most necessary that the student 
should thoroughly study and comprehend; otherwise, he will find 
himself involved in great obscurity and perplexity as he attempts to 
proceed. 

1905. Case in which the earth completes the circuit — If the con- 
ducting wires connected with the poles P. and N, instead of being 
connected with the conductor Ojfig, 558., be connected with the 
ground, the earth itsdf will take the place and play the part of the 
conductor o in relation to the current. The positive fluid will in 
that case flow by the wire p £, fig, 559., and the negative fluid by 
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Fig. 559. 



the wire n e to the earth £ ; and the two fluids will be transmitted 
through the earth e e in contrary directions, exactly in the same 
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mtnner as tftiongh tJie condacix)r o. In this case^ tiierefore^ the vol* 
teio circuit is completed by the earik itadf. 

1906. Methods of connecting the poles with the earth. — In all 
oases, in oompletiDg the circuit, it is necessary to ensure perfect con- 
tact wherever two different conductors are united. We have already 
explained the application of mercurial cups and metallic clamps for 
this purpose, where the conductors to be connected are wires or strips 
of metal. When the earth is used to complete the circuit, these 
are inapplicable. To ensure the unobstructed flow of the current in 
this case, the wire is soldered to a large plate of metal, having a sor- 
fisu$e of several square feet, which is buried in the moist ground^ or^ 
still better, immersed in a well or other reservoir of water. 

In cities, where there are extensive systems of metallic pipes buried 
fbr the conveyance of water or gas, Uie wires proceeding from the 
poles P and N may be connected with these. 

There is no practical limit to the distance over which a voltaic cur- 
rent may in this manner be carried, the circuit being still completed 
by the earth. Thus, if while the pile P N, fig. 559., is at London, 
the wire p b is carried to Paris or Vienna (being insulated through^ 
out its entire course), and is put in communication with the ground 
at the latter place, the current will return to London through the 
earth e e as surely and as promptly as if the points £ e were only 
a foot asunder. 

1907. YariovA denomination of currents, — ^Voltwc currents which 
pass along wires are variously designated, according to the form given 
to the conducting wire. Thus they are reotilineab gurhents when 
tiie wire is straight; indefinite currents when it is umlimited 
in length ; closed currents when the wire is bent so as to sur- 
found or inclose a space; circular or spiral currents when the 
wire has these forms. 

1908. The electric fluid forming the current not necesaarilj/ in 
motion. — Although the nomenclature which has been adopted to 
express these phenomena implies that the electric fluid has a motion 
of translation along the conductor similar to the motion of liquid in 
a pipe, it must not be understood that the existence of such motion 
of the electric fluid is necessarily assumed, or that its non-existence, 
if proved, could disturb the reasoning or shake the conclusions which 

^ form the basis of this branch of physics. Whether an actual motion 
of translation of the electric fluid along the conductor exist or not, 
it is certain that the effect which would attend such a motion is pro- 
pagated along the conductor ; and this is all that is essential to the 
reasoning. It has been already stated, that the most probable hypo- 
thesis which has been advanced for the explanation of the phenomena 
rejects the motion of translation, and supposes the effect to be pro- 
duced by a series of decompositions and recompositions of the natu* 
ral electricity of the conductor (1826). 
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1909. Method of coating the c(mducting wires, — ^When the wires 
by which the current is conducted are liable to touch other con- 
ductors, by which the electricity may be diverted from it@ course, 
they require to be coated with some non-conducting substance, under 
and protected by which the current passes. Wires wrapped with 
silk or linen thread may be used in such cases, and they will be ren- 
dered still more efficient if they are coated with a yamish of gum- 
lac. 

When the wires are immersed in water, they may be protected by 
enclosing them in caoutchouc or gutta percha. 

K they are carried through the air, it is not necessary to surround 
them with any coating, the tension of the voltaic electricity being so 
feeble, that the pressure of the air and its non-conducting quality are 
sufficient for its insulation. 

1910. Supports of conducting wire, — When the wire is carried 
through the air to such distances as would render its weight too great 
for its strength, it requires to be supported at convenient intervals 
upon insulating props. Hollers of porcelain or glass, attached to 
posts of wood, are used for this purpose in the case of telegraphic 
wires. 

1911. Amphre^s rheotrope to reverse the current* — ^In experimental 
inquiries respecting the effects of currents, it is frequently necessary 
to reverse the direction of a current, and sometimes to do so sud- 
denly, and many times in rapid succession. An apparatus for accom- 
plishing this, contrived by Ampere, and which has since undergone 
various modifications, has been denominated a commutatoTy but may 
be more appropriately named a rheotrope, the Greek words i^o^ 
(rheos) signifying a current, and f poeioj (tropos), a turn. 

Let two grooves r r,Jig. 560., about 
half an inch in width and depth, be 
cut in a board, and between them let 
four small cavities v, <, v/ f be formed. 
Let these cavities be connected diago- 
nally in pairs by strips of copper IV 
and mm!, having at the place where 
they cross each other a piece of cloth 
or other non-conducting substance 
between them, so as to prevent the 
electricity from passing from one to the 
other. Let the grooves r and /, and 
the four cavities, be masticated on 
their surfaces with resin, so as to 
render them non-conductors. 
These grooves and cavities being filled with mercury, let the appa- 
ratus represented infg, 561. be placed upon the board. A hori- 
Bontal axis a a' moves in two holes o d made in the upright pieces 

27* 
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Fig. 561. 



|>j?'. It carries four rectan- 
gular pieces of metal e^d^ 
a^d'y so adapted, that when 
they are pressed downwards 
one 1^ of each will dip into 
the mercury ia the groove, 
and the other into the adjar 
cent cavity. The arms uniting 
the rectangular metallic pieces 
are of varnished wood^ and 
axe therefore non-conductors. When this apparatus is in the position 
represented in the figure, it will connect the groove r Vfith the cavity 
Vy and the groove r' with the cavity t. When the ends ddf w 
depressed, and therefore c c' elevated, it will connect the groove r with 
the cavity f, and the groove / with the cavity t 

The conductor which proceeds from the positive pole of the piid 
is immersed in the mercury in r, and that which comes from the 
negative pole is immersed in the mercury in /. Two strips of copper 
bb' connect the mercury m the cavities f and t/, with the wire wvl 
which carries the current 

The apparatus heing arranged as represented in^. 560., the (m^ 
rent will pass firom the pile to the mercury in r ; thence to t^ by the 
oonductor c; thence to v' hy the diagonal strip of metal IT ; thence 
to K? by the metal b', and will pass along the wire as indicated by the 
arrows to b; thence it will pass to the mercury in t; thence by the 
diagonal strip n^mtot; thence by the conductor c' to the mercury 
in the groove /; and thence, in fine, to the negative pole of the pile. 
If the ends ddf be depressed, and the ends c cf elevated, the course 
of the current may be traced in like manner, as follows : — ^from r to 
if; thence by 5 to w; thence along the conducting wire in a direc- 
tion contrary to that of the arrows to 6'; thence to t;; thence to r; 
and thence to the negative pole of the pile. 

1912. PohVs rAeo^opc.— Various forms have more recently been 
given to rheotropes, one of the most convenient of which is that of 
Pohl, in which the use of mercury is dispensed with. Four small 
copper columns A, b, o, d, fig, 562., about \ inch diameter, are set in 

a square board^ and connected diagom^Uy; ^ 
with D, and B with c, by two bands of copper, 
which intersect without contact. These piUafS 
correspond to the four cavities, Vj i/, ty <', lo 
Ampere's rheotrope. An horizontal 9Xis 
crosses the apparatus similar to Amperes; 
the ends of which are copper, and the centre 
wood or ivory. On each of the copper ends a 
bow acydb of copper rests, so formed, that 
Fig. 562. when depressed on the one side or the other, 




— 1 



VOLTAIC CURRENTS, 319 

. it falls into contact with ihb copper pillars A, B^ o^ B. Two metallic 
bands connect the pillars A and b with clamps or binding screws 
j> and m, to which the ends of the wire carrying the current are 
attached. The ends of the horizontal axis are attached to conductors 
which proceed from the poles of the, pile. The course of the cur- 
rent may be traced exactly as in the rheotrope of Ampere. 

The arrangement and mode of operation of the 

^ P ^ metallic bows, by depressing one end or the other 

^ vs^^ of which the direction of the current is changed, is 

j P ^ ^/**%n ^ represented in fy, 563., where ac is the bow, A 

and the two copper pillars with which it falls into 
Fig. 568. contact on the one side or the other, and p the 
binding screw connected with the wire which carries 
the current. 

1913. Electrodes. — The designation of POLES being usually 
limited to the extreme elements of the pile, and the necessity often 
arising of indicating a sort of secondary pole, more or less remote 
from the pile by which the current enters and leaves certain con- 
ductors, Dr. Faraday has proposed the use of the term electrodes 
to express these. Thus in the rheotrope of Ampere, the electrodes 
would be the mercury in the grooves / /, j%r. 560. In t^e rheo- 
trope of Pohl, the electrodes would be the ends of the horizontal 
axis P and M. 

This term electrode has reference, however, more especially to the 
chemical properties of the current, as will appear hereafter. 

1914. Floating supports for conducting wire. — It happens fre- 
' quently in experimental researches respecting the effects of forces 

affecting voltaic currents or developed by them, that the wire upon 
which the current passes requires to be supported or suspended in 
such a manner as to be capable of changiog its position or direction 
in accordance with the action of such forces. This object is some- 
times attained by attaching the wire, together with a small vessel 
containing zinc and copper plates immersed in dilate acid, to a cork 
float, and placing the whole apparatus on water or other liquid, on 
which it will be capable of floating and assuming any position or 
direction which the forces acting upon it may have a tendency to give 
to it. 

1915. Amp^r^s apparatus for supporting movable currents. — A 
more convenient and generally useful apparatus for this purpose, 
however, is that contrived by Ampere ; which consists of two ver- 
tical copper rods v v', fg. 564., fixed in a wooden stage T t', the 
upper parts being bent at right angles and terminated in two mercu- 
rial cups yy, one below the other in the same vertical line. The 
horizontal parts are rolled with silk or coated with gum-lac, to pre- 
vent the electricity passing from one to the other. Two small 
cavities r r' filled with mercury, being connected with the poles of a 
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battery, become the electrodes of the apparatus. These may be con- 
*^ nected at pleasure with two mercurial cups s sf, which are in metallic 
communication with the rods y y'. The rheotrope may be applied 
to this apparatus; so as to reyerse the connexions when required. 






Fig. 565. 

The wire which conducts the current is so formed at its extremities 
as to rest on two points in the cups y^, and to balance itself so as 
to be capable of revolving freely round the vertical line passing 
through ^y as an axis. 

A wire thus arranged is represented in Jiff. 665., having its ends 
resting in the oups yy, the current passing from the cup y through 
the wire, and returning to the cup y. If the rheotrope be reversed, . 
it will pass from y through the wire and return to y. 
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CHAP. IV. 

RECIPROCAL INFLUENCE OP RECTILINEAR CURRENTS AND 

MAGNETS. 



1916. Mutual action of magnets and currents. — When a voltaic 
current is placed near a magnetic needle, certain motions are im- 
parted to the needle or to the conductor of the current, or to both, 
which indicate the action of forces exerted by the current on the 
poles of the needle, and reciprocally by the poles of the needle on 
the current. Other experimental tests- show that the magnets and 
currents affect each other in various ways ; that the presence of a 
current increases or diminishes the magnetic intensity, imparts or 
effaces magnetic polarity, produces temporary magnetism where the 
coercive force is feeble or evanescent, or permanent polarity where it 
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is strong; that magnets reoiproeally afifcct the intensity and directioa 
of currents, and produce or arrest them. 

1917. Electro-magnetism, — The body of these and like pheno- 
mena^ and the exposition of the laws which govern them, constitute 
that branch of electrical science which has been denominated slsgtro- 

MAGNETISM. 

To render clearly intelligible the effects of the matoal action of a 
Toltaic current and a magnet, it will be necessary to consider sepa- 
rately the forces exerted between the current and each- of the mag- 
netic poles ; for the motions which ensue, and the forces actually 
manifested^ are the resultan^ts of the separate actions of the two 

poles. 

1918. ZHrection of the mutual forces exerted hy & rectilinear 
cwrent and the pole of a magnet — To simplify the explanation, 
we shall, in the first instance, consider only the case of rectilinear 

currents. 

Let c c' fig, 566., represent t^e wire 
along which a Toltaie current passes, 
directed from o to c/, as indicated by the 
arrows. Let n n' be a straight line 
which is parallel to the current o (/, and 
which passes through tlie magnetic pole; 
We shall call this the line of direction 
of the magnetic pole. Let a plane be 
imagined to pass through these lines 
i o' and n n', and let a line A B be 
^x^ drawn in this plane at right angles to 
o' and n n'. 

The force exerted by the current up- 
on the magnetic pole, and reciprocally 
the force exerted by the magnetic pole 
upon the current, will have a direction 
at right angles to the plane passing 
through the direction o c' of the current, 
and the line of direction n m' of the 
magnetic pole. 

Thus the line of direction N n' will 
be impelled by a force in the direction 
of the line l b, and the current o o' by a force in the direction of the 
line l' b' ; these lines l b and l' e' being understood to be drawn at 
right angles to the plane passing through o o' and N n'. 

But it is necessary to show in which direction on the lines l r and 
l' r' these forces respectively act. 

This direction will depend on and vary with the name of the mag- 
netic pole and the direction of the current on the line o'. 

If we suppose the magnetic pole to be an austral or north pole. 
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and tbe current to descend on the line c c'^ as indicated by the arrows, 
let an observer be imagined to stand with his person in the direction 
C o' of the current, looking towards N n', and the current consequently 
passing from his head to nis feet. In such case the direction of the 
force impressed by the current on the line n ]$' will be directed to 
the right of such observer^ that is from A towards B. 

If the observer stand in the direction of the line of direction N n' 
of the magnetic pole, looking towards the current o o', the force im- 
pressed by the magnetic pole upon the current will; as before^ be 
directed to his righty that is, from B towards b'. 

If the magnetic pole of which n n' is the line of direction be a 
boreal or south pole, these directions will be reversed, each line x n' 
and (f being impelled to the left of the observer, who looks from 
the other line. Thus, in such case, N n' will be impelled by a force 
directed from A towards L, and o' by a force directed from B to- 
wards l'. 

If the current ascend on the line o c', the directions of the forces 
will be the reverse of those produced by a descending current. Thus, 
when the current ascends, the line N n' will be impelled to the le/i 
of the observer at o o' if the pole be austral or north, and to his 
right if it be boreal or south ; and in the same case the current o cf 
will be likewise impelled to the Uft of the observer at n n' if the 
pole be austral or north, and to his right if it be boreal or south. 

To impress the memory with these various effects, it will be suffi- 
cient to retain the directions of the forces produced between a de- 
scending current and a north magnetic pole. The directions will be 
the same for an ascending current and a south magnetic pole ; they 
will be reversed for a descending current and south pole, or for an 
ascending current and north pole. 

Thus if the lines of direction of the current and the pole be sup- 
posed to be both perpendicular to the surface of this paper, and that 
the line of direction of the pole pass through the paper at P; and 

I 
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Pig. 667. Fig. 668. 

that of the current at c, the directions of the forces impressed on the 
lines of direction of the current and the pole for a descending cur- 
rent and north magnetic pole, or an ascending current and a south 
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magnetic pole, are indicated by the arrows in ^. 567., and their 
directions for a descenijing current and south magnetic pole, or an 
ascending current and a north magnetic pole, are indicated in Jlgr. 568. 

For example, if a current descend on a vertical wire, and the 
austral or north pole of a magnet be placed so that its line of direc- 
tion shall be to the north of the current, the wire of the current will 
be impelled bj a force directed to the west, and the line of direction 
of the magnetic pole by a force directed to the east. 

If the current ascend, or if the pole be a south pole, the wire of 
the current will be impelled to the east, and the line of direction of 
the pole to the west, 

1919. Circular motion of magnetic pole round a fioced current. — 
If the line of direction of the current be fixed, and that of the mag- 
netic pole be movable, but so connected with the line of the current 
as to remain always at the same distance from it, the line of direc- 
tion of the pole will be capable only of moving round the surface 
of a cylinder whose axis is the direction of the current. In this 
case the force impressed by the current on the line of direction of the 
pole, being always at right angles to that line, and always on the 
same side of it as viewed from the current, will impart to the line 
of direction of the pole a motion of continued rotation round the 
current as an axis. This rotation, as viewed on the side from which 
the current flows, will be in the same direction as the motion of the 
hand of a watch, where the pole is north, as represented in^^. 569., 
and in the contrary direction as represented in Jig. 570., where the 
pole is south. 
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Fig. 669. 



Fig. 670. 



1920. Circular motion of a current round a magnetic pole. — A 
similar motion of continued rotation will be imparted to the wire 



824 



VOLTAIC BLBOTRICITY. 




Fig. 571. 



ooBduciing the current if the line of direction of the magnetic pole 
be fixed, and the wire be similariy connected with it. Jh this case 
the motion imparted by a north pole on a descending current is re- 
presented in fig, 569., and that impressed by a south pole in^^. 670. 

1921. Apparatus to illustrate experimentally these effects. — A 
great variety of apparatus and experimental expedients has been 
contrived to illustrate and verify these laws. 

1922. Apparatus to exhibit the directum of the force impressed 
hy a rectilinear cfu/nrent on a magnetic pole. — To demonstrate the 
direction of the force impressed by a rectilinear current on a mag- 
netic pole, let a light bar,^. 571., of ivory, or 
any other substance not susceptible of magnetism, 
made flat at the upper sur&ce, be balanced like 
a compass needle on a fine point, so as to be free 
to move round it in an horizontal plane. lict a 
magnetic needle, N s, be placed upon one arm of 
it, so that one of the poles, the boreal s for 
example, be exactly over the point of support; 

and let a counterpoise, w, be placed upon the other arm. Let the 
magnet be rendered astatic, so as not to be affected by the earth's 
magnetism by any of the methods already explained (1695). 

Let the^needle thus suspended be supposed to play round s, fig. 572, 
in the plane of the paper, and let a voltaic current pass downwards 
along a wire perpendicular to the paper, o representing the intersection 
of such wire with the paper. The needle, after some oscillations, 
will come to. rest in the position s n, so that its direction shall be at 

right angles to the line N, drawn from 
^ the current to the pole N, and so that the 

centre s shall be to the left of n as viewed 
from c. 

It follows, from what has been already 
explained, that the force exerted by the 
current c on the pole N has the direction 
indicated by the arrow from s to n. This 
force is therefore directed to the right of 
N as viewed from C. 

If the wire carrying the current be 
moved round the circle c c' c" c'", the 
pole N will follow it, assuming always 
such positions, n', n", n'", that s n', s n", 
s n'" shall be at right angles to c' n', c" 
N ', ' N ". It follows, therefore, that whatever position may be 
given to the current, it will exert a force upon the austral or north 
pole N of the magnet, the direction of which will be at right angles 
to the line drewn from the current to the p<3le, and to the right of 
the pole as viewed from the current. 
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If the pocddott of the needle be Feversed, the pole n being placed 

at the centre of motion^ the same phe- 
nomena win be manifested; but in this 
case the needle will place itself to the 
right of the pole S as viewed from the 
current o, as represented mfig, 573. It 
follows therefore, in this case, that what- 
ever position be given to the current, it 
will exert a force upon the boreal or south 
pde of the magnet, the direction of which 
will be at right angles to the line drawn 
from the current to the pole, and to the 
left of the pole as viewed from the current. 
The current has here been supposed to 
descend along the wire. If it ascend, the 
effects will be reversed. It will exert a force on the austral pole 
directed to the left, and on the boreal pole one directed to the right. 
1928. Apparatus to measure intensity of this force. — Having 
indicated the conditions which determine the directions of the forces 
reciprocally exerted between magnedo poles and a current, it is 
necessary to explain those which aSect their intensity. 

Let s Nffg. 574., be an astatic needle aflFected by the current o, 

whose direction is perpendi- 
cular to the paper, as already 
explained. If N be displaced 
it will oscillate on the one 
side and the other of its po- 
sition of rest, and its oscilla- 
tions will be governed by the 
laws already explained in the 
case of the pendulum (256). 
The intensity of the force 
impressed on it in the direction of the arrows by the current o, will 
be propprtional to the squares of the number of vibrations per 
minute. 

1924. Intensity varies inversely a« the distance, — If the distance 
of from N be varied, it will be found that the square of the number 
of vibrations per minute will increase in the same proportion as the 
distance G n is diminished, and vice versd. It follows, therefore, that 
the force impressed by the current on the pole is increased in the 
same ratio as the distance of the current from the pole diminishes, 
and vice versd. 

In the case here contemplated, the length of the wire carrying the 

current being considerable, each part of it exercises a separate force 

on N, and the entire force exerted is consequently the resultant of an 

infinite number of forces, just as the weight of a body is the resultant 

II. 28 
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of the forces separately impressed by gravity on its component mole- 
cules. Laplace has shown that the indefiDitely small parts into 
which the current may be supposed to be divided^ exert forces whicli 
are to each other in the inverse ratio of the squares of their distances 
from the pole^ and that by the composition of these a resultant is 
produced, which varies in the inverse proportion of the distances as 
indicated by observation. 

From what has been stated, it is evident that if the current fig. 
575. be placed at the centre s of the circle tound 
which the north pole of a magnet is free to move, it 
will impart to the pole a continuous motion of rota- 
\i tion in that circle. If the current be supposed to 
* move downwards, the pole N will be constantly driven 
to the right as viewed from the centre s (1918), and 
consequently the magnet will * move in the direction 
of the hand of a watch, as indicated by the arrows. 
K the north pole n be placed at the centre, as in fig, 576., the 
current still descending, the force exerted on the south 
pole s will be constantly directed to the left as viewed 
from the centre, and the magnet will accordingly move 
contrary to the hand of a watch, as indicated by the 
arrows. 

If the current ascend, these motions will be re- 
versed, the north pole moving contrary, and the south 
according to the hand of a watch, as indicated in fijg%. 
577., 578. 
f/^ ^ Descending current acting on north poJe (^fig^ 

SI X 1 575.) 

Descending current acting on south pole (^fig. 
576.) 

Ascending current acting on south pole (^fig. 
Fig. 677. 577.) 

Ascending current acting on north pole ( fig. 

1925. Case in which the current is within^ hut not 
at the centre of the circle in which the pole revolves. — 
If the current be within the circle described by the 
free pole, but not at its centre, the pole will still 
revolve; but the force which impels it will not be 
Fig. 578. uniform, as it is when the current is at the centre. 
Since the force exerted by the current on the pole is 
inversely as its distance from the pole, that force will be necessarily 
uniform when the current is at the centre, the distance of the pole 
from it being always the same. But when the current is within the 
circle at a point c, fig. 579., different from the centre, the distance 
N will vary, and the force exerted on n will vary in the inverse 
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proportion; increasing as the distance is diminished, 
and decreasing as the distance is increased. The 
If rotation will nevertheless equally take place, and 
in the same direction as when the current o is 
at the centre. 

1926. Action of a current on a magnet^ hoth 
Fig. 679. poles being free. — Having thus explained the mu- 
tual action of the current, and each pole of the 
needle separately, we shall now consider the case in which a magnetic 
needle suspended as usual on its centre is exposed to the action of the 
current. 

1927. Case in which the current is outside the circle described by 
the poles, — Let o^figs. 580, 581., as before, be a descending current 
placed outside the circle in which the poles of the needle n s play. 
The forces exerted by the current on the two poles n and s have in 
this case opposite effects on the needle, and consequently it will turn 
in the direction of that which has the greater effect, and will be in 
equilibrium when the effects are equal. 

If the poles be placed at n' and s', fig, 580., the force exerted on 
them will move n' towards N, and s' towards s, and the needle will 
turn in the direction of the arrows by the combined effects of both 
forces. When n' arrives at n", the force bein^ in the direction o n" 
will be ineffective ; but the force acting oti s", the opposite pole, will 
continue to turn the needle towards the position n s, where it is at 
right angles to 00. After passing m", the force on N is effective in 
opposition to that on s, but in a very small degree, so that the effect 
on s preponderates until the needle arrives at the position SN. Here, 
the poles N and s being equally distant from o, the forces are equal. 




f n 




Fig. 580. 



Fig. 681. 



and being equally inclined to s N, have equal effects in opposite di- 
rections. The needle is therefore held in equilibrium. If the needle 
be moved beyond this position, the effect of the force on n predomi- 
nating over that of the force on s, the needle will be brought back 
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to the poradon s n, and will oscillate on the one side and Uie other 
of this direction, showing that it is the position of stable equilibriam 
(Handbook of Mechanics, 299). 

If the pole 8 be placed at ^jfig. 581., the effects on the two poles 
Bf and n' will, as before, combine to tarn the needle as indicated bj 
the arrows, moying the south pole towards s, and the north towards n. 

It follows, therefore, that a downward current o acting as in Jigs. 
580, 581., outside the circle described by the poles, will throw the 
needle into a direction sn at right angles to the line co drawn from 
the current to the centre of the needle, the north pole being on the 
right as viewed from the current. 

An ascending current will produce the contrary effects, the north, 
pole being thrown to the left as viewed from the current. 

1928. Case in which the current passes through the circle, — If 
the current pass through the circle described by the poles, the needle 

wiU rest indifferently in any direction that may 
be given to it. In this case, Jig. 582., let o be 
the current. The forces it exerts on s and n 
being in the inverse ratio of the distances, that 
which affects s will be to that which affects N aa 
CN is to cs. The moment of the force on s will 
therefore be CNXOS, and the moment of the 
force on n will be csxon. These moments 
being equal, the forces must be in equilibrium 
(426), and the needle will therefore remain at 
rest whatever position be given to it. 

1929. Case in which the current passes wiihtn 
ihe circle, — Let the current pass within the circle described by the 

poles. In this case the effects of the current 
't' on the two poles s and N is opposite in every 

position. If the pole be at n', fig, 583., the 
^^ point of the circle nearest to o, the force on n' 
^^B being greater than the force on s' in the ratio 
of OS' to ON' (1923), the effect of the force on 
n' will predominate, and n' will be moved to- 
wards N, and s' towards s. The effects on n 
will continue to predominate until they arrive 
at the position N s, where the effects become 
equal and the needle is in equilibrium; for 
here the distances of s aod n from o being equal, the forces are equal; 
and since they are equally inclined to the needle, they have equal 
effects to turn it in contrary directions. After passing n, the effect 
on s predominates; the needle will be brought back to the positiou 
N s, and will oscillate on the one side and the other, indicating stable 
equilibrium (Handbook of Mechanics, 299). 




Fig. 582. 




Fig. 683. 
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If the needle be placed with the pole s' at the point nearest to c, 

jig, 584., the effect on s' predominating, ^ 
will be moved towards s, and n' towards N, 
.^^..^^ and the needle will attain the same position 

^^ as in the former case. 

/ It follows, therefore, that when a descend- 

2 1^ ing current passes within the circle described 

/♦ by the poles, as represented in^s. 683, 584., 
the needle will be thrown into a direction sn 
at right angles to the line c o drawn from the 
current to the centre of the needle, the north 
Fig. 684, pole pointing to the hft as viewed from the 

current. 
An ascending current will produce the contrary effect, throwing 
the north pole to the right. 

It will be observed that the direction of the poles, when the cur- 
rent is yyiihin the circle, is opposite to its direction when it is outside 
the circle. . 

1930. Apparatus to illustrate electro-magnetic rotation. — A 
variety of interesting and instructive apparatus has been contrived 
to illustrate experimentally the reciprocal forces manifested between 
currents and magnets. These may be described generally as exhibit- 
ing a magnet revolving round a current, or a current revolving round 
a magnet, or each revolving round the other, impelled by the forces 
which the current and the poles of the magnet exert upon each other. 
It will be conducive to brevity in describing these e^cts to designate 
a motion of rotation which is from left to right, or according to that 
of the hand of a watch, as direct rotation^ and the contrary as retro- 
grade rotation. It will therefore follow from what has been ex- 
plained, that if N and s express the north and south poles of the 
magi^et, and A and D express an ascending and descending current, 
the rotation of each round the other in every possible case will be as 
follows : 

N, D 



''*'[• Direct, 

N, A 



' }■ Retrograde, 

We shall classify the apparatus according to the particular manner 
in which they exhibit the action of the forces. 

1931. To cause either pole of a magnet to revolve round a fixed 
voltaic current, — Let two bar magnets be bent into the form shown 
in^^. 585., so that a small part at the middle of their length shall 
be horizontal. Under this part an agate cap is fixed, by which the 
magnet i» supported on a pivot. Above the horizontal part a small 
cup containing mercury is fixed. The magnets are thus free to re- 
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volve on the pivots. A Bmall cironlar canal 

of mennuy HDirounds each magnet a little 

below the rectangalu' bend, into which the 

amalgamated point of a beat wire dips. 

These wires are connected with two vertical 

roda, which, tomiog at right angles above, 

terminate in a small cnp contiuning mercary. 

Two similar mercurial cups communicate 

with the drcolar mercurial canala. If the 

upper cnp be put in oommunication with the 

positive pole of a battery, and the lower cupa 

with the negative pole, descending currents 

I win be established on the vertical rods; and 

if the upper cup be put in communication with 

Fig. GSfi. tbe negative, and the tower with the poutive, 

the ourrenta will ascend. The two magnela 

maybe placed ^tber with the same or opposite poles uppermost. The 

currents pass from the vertical rods to the mercury in the circular 

canala, thence to the lower cupa, and thence to the negative poles- 

Wben the descending current passes on the rods, the 
north pole of the magnet revolves with direct, and the 
south pole with retrograde motion. When the current 
Dscends, these motions are reversed. 

1932. To cause a moveable current to revolve round 
&e fixed pole of a magnet, — Let a glass vessel, fig. 
586., be nearly filled with mercury. Let a metallie 
wire suspended from a hook over its centre be capable 
of revolving while it& end rests upon the surface of the 
mercury. A rod of metal enters at the bottom of the 
vessel, and is Id contact with a magnetic bar fixed vet^ 
I tjcally in the centre of the vessel. When one of the 
polea of the batteiy is put in oominunioation with the 
moveable wire, and the other with the fixed wire con- 
nected with the magnet, a current will pass along the 
fire, either to the mercury or from it, according to the 
connexion made with the poles of tbe battery ; and the moveable 
wire wilt revolve round the magnet, touching the surface of the mer- 
cury with a motion direct or retrograde, according as the current de- 
scends or ascends, and according to the name of tbe magnetic pole 
fixed in (he centre (1930). 

Let « s', fif/. 587., represent a section of a circular trough con- 
taining mercury, having an opening at the centre, in which is in- 
serted a metallic rod, terminating at the top in a mercurial cup c. 
A wire a.i ah V a' is bent bo as to form three sides of a rectangle, 
the width h b' corresponding with the diameter of the circular 
trough z z'. A point is attached to the middle of b b', which 
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Fig. 687. 



rests in the cup c, so that the rectangle is balanced 
on the rod t, and capable of revolving on the pivot 
as a centre. 

If the mercury in the circular trough be con- 
nected by a wire with the negative, while the cup c 
is connected with the positive pole of a battery^ 
descending currents will be established along the 
vertical wires h a and h' a' ; and if the con- 
kiezions be reversed, these currents^ will ascend. 

If, when these currents are established, the pole 
of a magnet be applied under the centre p, it will 
act upon the vertical currents^ and will cause the 
rectangular wire at a 5 5' a' to revolve round c, with a motion 
direct or retrograde, according to the direction of the current and 
the name of the magnetic pole (1920). 

The points of contact of the revolving wires with the mercury may 
be multiplied by attaching the ends a a' of the wires to a metallic 
hoop, the edffe of which will rest in contact with the metal ; or the 
wires a h and a' V may be altogether replaced by a thin copper 
cylinder balanced on a point in the cup at c. 

Another apparatus for illustrating this is repre- 
sented in fig, 588. A bar magnet is fixed verti- 
cally in the centre of a circular trough containing 
mercury. A light and hollow cylinder of copper 
is suspended on a point resting in an agate cup 
placed on the top of the magnet, and having a ver- 
tical wire proceeding from it, which terminates in 
a small mercurial cup p at the top. Another wire 
connects the mercury in the trough with a, mercu- 
rial cup N. When the cups P and n are put in 
communication with the poles of the battery, a 
current is established on the sides of the copper 
cylinder c o, and rotation takes place as already 
J.. 588 described. 
^' * A double apparatus of this kind, erected on the 

two poles of a horse-shoe magnet, is represented in fig, 589. 

1933. Amph'^8 method, — Ampere adopted the following method 
of exhibiting the revolution of a current round a magnet. A double 
cylinder of copper, c c, fig. 590., about 2} in. diameter and 2J in. 
high, is supported on the pole of a bar magnet by a plate of metal 
passing across the upper orifice of the inner cylinder. A light 
cylinder of zinc z z, supported on a wire arch A, is introduced 
between the inner and outer cylinders of copper, a steel point 
attached to the wire arch resting upon the plate by which the copper 
cylinders are supported. On introducing dilute acid between the 
copper cylinders, electromotive action takes place, the current passing 
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from the zinc to the acid, thence to the copper, and thence throngli 
the pivot to the zinc. The zinc being in this case free to revdve, 
vbile the copper is fixed, and the cnirent deBcending on the former, 
the rotation will be direct or retrograde according as the magaetiii 
pole is north or south. 

If the copper were free to revolve as well as the zino, it would 
turn in the contrary direction, since the current ascends upon it, 
while it deBcenda on the zinc, Mr. J. Marsh modified Ampere's 
apparatus, ao as to produce this effect by substituting a pivot, resting 
in a cup at the top of the magnet, for the metallic arch by which, 
in the former cose, the copper vessel was sustained. 

A double arrangement of this kind is ^ven in Jig. 581., vrhere 
the double cylinders are supported on pivots on the two poles of a 
horae-shoe magnet. The rotation of the corresponding cylinders oa 
tbe two opposite magnetic poles will be in contrary diredtous. 
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1934. To make a magnet turn on tls own axis hy a cwtrent 
iparallel to it, — The tendency of the conductor on which a current 
passes to revolve round a magnet will not the less exist, though the 
current be so fixed to the magnet as to be incapable of revolving 
without carrying the magnet with it. In Jig. 592., the naagnet m is 
sunk by a platinum weight r; its upper end being fixed to the cop- 
per cylinder w w, a current, passing from p to N causes the cylinder 
to rotate, carrying with it the magnet. 

Since a magnetic bar is itself a conductor, it is 
not necessary to introduce any other ; and a cur- 
rent passing along the bar will give rotation to it. 
An apparatus for exhibiting this effect is repre- 
sented in Jig, 593., wher)e a magnetic bar is sup* 
ported in the vertical position between pivots which 
play in agate cups. A circular mercurial canal is 
placed at the centre of the ms^et, and another 
round the lower pivot. Mercurial cups communi- 
cate with these two canals. When these cups are 
put in communication with the poles of a battery, 
the current will pass between the two canals along 
the lower pole of tibe magnet, in the one direction 
or the other, according to the mode of connexion ; 
and the magnet will turn on its own axis with a 
direct or retrograde rotation, according to the name 
of the pole on which the current runs, and to the 
direction of the current. 




Fig. 593. 



CHAP. V. 



RECIPROCAL INFLUENCE OF CIRCULATING CURRENTS AND 

MAGNETS. 

If a wire p A b c d n. Jigs, 594., 595., be bent mto the form of 
any geometrical figure, the extremities being brought near to each 
other without actually touching, a current entering one extremity 
and departing from the other, is called a circulating current. 

1935. Front and ba>ck of circulating current. — If such a current 
be viewed on opposite sides of the figure formed by the wire, it will 
appear to circulate in different directions, on one side direct, and on 
the other retrograde (1930). That side on which it appears direct 
is called the front, and the other the back of the current. 
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Fig. 594. 



Fig. 595. 
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1936. Axis of current. — If the current have a rogular figure 
having a geometrical centre, a straight line drawn through this centre 
perpendicular to its plane is called the axis of the current. 

1937. Reciprocal action of circulating current and magnetic 
pole, — ^To determine the reciprocal influence of a circulating current 

and a magnetic pole placed any- 
D where upon its axis, let the axis 

^ he X ex', Jig, 596., the plane 

•X of the current being at right 
angles to the paper, A being the 
point where it ascends, and D the 
point where it descends through 
the paper. 

Fig. 596. 1°. Let N be a north magnetic 

pole placed in front of the cumnt. 
The part of the current at d will exert a force on n in the direction 
N m' at right angles to D N, and the part at A will exert an equal 
force in me direction n m at right angles to A n. These two forces 
being compounded, will be equivalent to a single force n o (152) 
directed from N along the axis towards the current. 

It may be shown that the same will be true for every two points 
of the current which are diametrically opposed. 

2^. Let a sotUh magnetic pole s, fig, 597., be similarly placed in 

front of a circulating current 









Fig. 597. 



The part d will exert upon it a 
force in the direction 8 m perpen- 
dicular to s D and to the left of s 
as viewed from D, and the part A 
will exert an equal force in the 
direction sm' to the right of s 
as viewed from a. These two 
equal forces will have a resultant 
so directed from the current; 



and the same will be true of every two points of the current which 
are diametrically opposed. / 
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If the magnetio pole be placed at the hack of the oarrent^ the con« 
trary effects ensue. 

The same inferences may be deduced with respect to any circu- 
lating current which has a centre^ that is^ a point within it which 
divides into two equal parts all lines drawn through it terminating in 
the current. 

It may therefore be inferred generally that when a magnetic pole 
%8 placed upon the axis of a circulating current, attraction or repul- 
sion IS produced between it and the current; attraction when a nobth 
pole is before, or a SOUTH pole behind, and repvlswn when a south 
pole is before, or a nobth pole behind. 

1938. Intensity of the force vanishes when the distance of the pole 
bears a very great ratio to the diameter of current — Since the 
intensity of the attraction between the component parts of the cur- 
rent and the pole decreases as the square of the distance is increased^ 
and since the lines n m and n M!,Jlg. 596., and s m and s 'fA'^fig, 
597., form with each other a-greater angle as the distance of the pole 
from the current is increased, it is eyident that when the diameter 
AD of the current bears an inconsiderable ratio to the distance of the 
pole N or 8 from it, the attraction or repulsion ceases to produce any 
sensible effect. 

1939. But the directive power of the pole continues. — This, how- 
ever, is not the case with relation to the directive power of the pole 
upon the current. The tendency of the forces impressed by the pole 
upon the current is always to bring the plane of the current at right 
angles to the line drawn from the pole to its centre. There is, in 
short, a tendency of the line of direction of the pole to take a posi- 
tion coinciding with or parallel to the axis of the current, and this 
coincidence may be produced either by the change of position of the 
pole or of the plane of the current, or of both, according as either or 
both are free to move. 

1940. Spiral and heliacal currents, — The force exerted by a 
circulating current may be indefinitely augmented by causing the 
current to circulate several times round its centre or axis. If the 
wire which conducts the current be wrapped with silk or coated with 
any non-conducting varnish, so as to prevent the electricity from 
escaping from coil to coil when in contact, circulating currents may 
be formed round a common centre or axis in a ring, a spiral, a helix, 
or any other similar form, so that the forces exerted by all their 
coils on a single magnetic pole may be combined by the principle 
of the composition of force ; and hence an extensive class of electro- 
magnetic phenomena may be educed, which supply at the same 
time important consequences and striking experimental illustra- 
tions of the laws of attraction and repulsion which have been just 
explained. 

1941. Eocpedients to render circulating currents moveable. — Awf 
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pire'i and Selarive'e a^ipara&u. — Two expe- 
' dienta have been practised to render a oiicsIatiDg 
curreat moveable. 

1. By the appantns of Ahp^bx aliead; d«- 
Bcribed (1915), the win conduotiog the aonenfc 
, being bent at the ends, as represented in ^. 
I 598., maj be Bopported in the cnps yt^ as 
represented in Jig. 564., eo that ite plane being 
TertJcal, it sbaU be capable of revolving round 
the lineyy aa an axis. B; this arrangement 
Fig. B9S. the plane of the current can take any direc- 

tion at right angles to an horizontal plane, but 
it is not capaUe of receiving any progressive 
motdon. 

2. The latter object is attained by the floating 
apparatns of M. Delarive. 

Let a coated wire be formed into a circular ring 
composed of several coils. X<eli one end of it be 
attached to a copper cell,^. 590., and the other 
to a slip of zinc wbich descenda into this oelL 
The cell being filled with acidulated water, a 
current will be established through the wire in 
the direction of the arrows. The copper cell may 
be inoloeed in a glass vessel, or attached t« a cork 
fig. G9S. so as to float npon water, and thus be &ee to assume 
any position which the foroee acting upon the cur- 
rent may tend to give it 

1942, Kotaiory motion imparted to drcfidar cufrrmt hy a. mag- 
tieticpok. — If a magnetic north pole be presented in front of k cai- 
oulai oaTTent,^^. 598., suspended on Ampere's frame, ^. 564., the 
ring vrill turn on its points of suspension until its asis pass through 
the pole. If the pole be earned round in a circle, the plane of the 
ring will revolve with a oorrespanding motion, always presenting the 
front of the current to the pole, the axis of the current passing tiirough 
the pole. 

If a south magnetic pole be presented to the back of the canent, 
like effects will be produced. 

If a north magnetic pole be presented to the back, or a south to 
the front of the current, the ring will, on 
the least disturbance, make half a revolu- 
tion round its points of suspension, so as 
—JS* to turn its point to the north and its 
back to the south magnetic pole. 

1943. Progressive motion imparted 

to it. — ^If 0, _fig. 600., represent a floating 

^. soo. oirculu- current, a north magnelda pole 
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placed anywhere on its axis will canse the ring conducting it to move in 
that direction in which its front is presented ; for if the pole he before 
it at A it will attract the current, and if behind it at b it will repel it 
(1937). In either case the ring will move in the direction in which 
its front looks. 

If a south magnetic pole be similarly placed, it will cause the cur- 
rent to move in the contrary direction ; for if it be placed before the 
current at A it will repel it, and if behind it at B it will attract it. In 
either case the ring will move in the direction to which the back of 
the current looks. 

1944. Reciprocal action of the current on the pole, — If the mag- 
netic pole be moveable and the current fixed, the motion impressed 
on the pole by the action of the current will have a direction opposite 
to that of the motion which would be impressed on the current, 
being moveable, by the pole being fixed. A north magnetic pole 
placed on the axis of a fixed circular current will therefore be moved 
along the axis in that direction in which the back of the current 
looks, and a south magnetic pole in that direction in which the front 
looks. 

1945. Action of a magnet on a circular floating current — If a 

bar magnet s n, flg, 
601., be placed in a 
fixed position with its 
magnetic axis in the 
direction of a floating 

Fig. 60l« circular current A, its 

north pole N being di- 
rected to the front of the current, the current will be attracted by N 
and repelled by s ; but the force exerted by n will predominate in 
consequence of its greater proximity to A, and the current will ao- 
cordingly move from A towards N. After it passes N, the bar passing 
through the centre of the ring, it will be repelled by N and also by 
8 (1937) ; but so long as it is between N and the centre o of the 
bar, as at b, the repulsion of N will predominate over that of s in 
consequence of the greater proximity of N, and the current will 
move towards c. Passing beyond c to b', the repulsion of s pre- 
dominates over that of N, and it will be driven back to c, and after 
some oscillations on the one side and the other it will come to rest 
in stable equilibrium, with its centre at the centre of the magnet, its 
plane at right angles to it, the front looking towards s and the back 
towards N. 

1946. Reciprocal action of the current on the magnet. — If the 
current be fixed and the magnetic bar moveable, the latter will move 
in a direction opposite to that with with which the current would 
move, the bar being fixed. vThus, if the current were fixed at a, the 
bar would move to it in the direction of N A, and the pole N passing 

II. 29 
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tbrough the ring, the bar would come to jest, after some oscillations, 
with its centre at the centre of the ring. 

1947. Goj^e ofinstahle equilibrium of the current. — If the ring 
were placed at its centre at c and its front directed to N, it would be 
in instable equilibrium, for if moved through any distance, however 
small, towards N or s, the attraction of the pole towards which it 
moved would prevail over that of the other pole which is more dis- 
tant, and the ring would consequently be moved to the end of the 
bar and beyond that point, when, being still attracted by the nearest 
pole, it would soon be brought to rest. It would then make a half 
revolution on its axis and return to the centre of the bar, where it 
would take the position of. stable equilibrium. 

All these are consequences which easily follow from the general 
principles of attraction and repulsion established in (1937). 

1948. Case of a spiral current. — ^If the wire which 
conducts the current be bent into the form of a spiral, 
Jig, 602., each convolution will exert the force of a 
circular current, and the effect of the whole will be 
the sum of the forces of all the convolutions. Such 
a spiral will therefore be subject to the conditions of 
attraction and repulsion which affect a circular cur- 
Fig. 602. rent (1937). 

1949. Circular or spiral currents exercise the same 
action as a magnet. — In general it may be inferred that circulating 
currents exercise on a magnetic pole exactly the same effects as would 
be produced by another magnet, the front of the current playing the 
part of a south pole, and the back that of a north pole. 

1960. Case of heliacal current. — ^It has been shown that a helix 
or screw is formed by a point which is at the same time affected by 
a circular and progressive motion, the circular motion being at right 
angles to the axis 6f the helix, and the progressive motion being in 
the direction of that axis (496). In each convolution the thread of 
the helix makes one revolution, and at the same time progresses in 
the direction of the axis through a space equal to the distance between 
two successive convolutions. 

1951. Method of neutralizing the effect of the progressive moticyn 
of such a current. — ^If a current therefore be transmitted on a helia- 
cal wire, it will combine the characters of a circular and rectilinear 
current. The latter character, however, may be neutralized or effaced 
by transmitting a current in a contrary direction to the progression 
of the screw, on a straight wire extended along the axis of the helix. 
This rectilinear current being equal, parallel, and contrary in direc- 
tion to the progressive component of the heliacal current, will have 
equal and contrary magnetic properties, and the forces which they 
exert together on any magnetic pole within their influence will coun- 
teract each other. 
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Fig. 603. 




Fig. 604. 



1952. RightrhaTided and left-handed he^ 
lices, — Helices are of two forms : those in 
which the wire turns like the thread of a 
corkscrew^ tha); is^ in the direction of the 
hands of a watch, fig. 603.; and those in 
which it turns in a contrary direction, fi^. 604. 

1953. Front of current on each kind, — ^If 
a current traverse a right-handed helix, its 

front will b^ directed to the end at which it outers, and in the left- 
handed helix to the end at which it departs. 

1954. Magnetic properties o/ heliacal currents — their poles deter- 
mined. — Hence it follows, that in a right-handed heliacal current, 
the end at which the current enters, and which is the positive pole, 
has the magnetic properties of a south pole ; and in a left-handed 
helix this end has the properties of a north pole. 

1955. Experimental illustration of these properties. — The mag- 
netic properties of spiral and heliacal currents may be illustrated ex- 
perimentally by means of Ampere's arrangement, fig, 564., or by a 
floating apparatus constructed on the same principle as that repre- 
sented in fig. 599. 

The manner of forming spiral currents adapted to Ampere's ap- 
paratus is represented mfigs, 605. and 606. Iny^. 605. thespinds 
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Fig. 605. 



Fig. 600. 



are both in the same plane, passing through the axis of suspension 
yy. In 606. they are in planes parellel to this axis, and at right 
angles to the line joining their centres, which is therefore their com- 
mon axis. 

1956. The front of a circulating current has the properties of a 
south^ and the ba^k those of a northj magnetic pole, — According to 
what has been explained, the front of such a spiral current will have 
the properties of a south magnetic pole, and will therefore attract 
and be attracted by the north, and repel and be repelled by the south 
pole of a magnet. If the spirals in fig. 605., therefore, be so con- 
nected with the poles of a voltaic system, as to present their fronts 
on the same side, they will be bpth attracted by the north pole, and 
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both repelled b j the south pole of a magnet presented to them, tliat 
which is nearer to the magnet being more attracted or repelled than 
the other. If the magnetic pole be equally distant from them, they 
will be in equilibrium, and the equilibrium will be stable if they 
are both repelled; and instable if they are both attracted by the 
magnet. 

To demonstrate this, let s, fig. 607., be the south pole of a mag- 
net placed in front of the two spirals, whose centres are at A and b, 
equally distant from s. It is evident that a perpendicular s o drawn 

from s to A B will in this case 
pass through the middle of a b. 
The pole s will therefore, accord- 
ing to what has been already ex- 
plained, repel the two spirals with 
^ equal forces. If the spirals be 
removed from this position to the 
positions a' b'; a', being nearer to 
s than b', will be repelled by a 
greater force, and therefore a' will 
be driven back towards a, and b' 
towards b. In like manner, if 
they were removed to the positions 
a" b", the force repelling b'' 
Fig. 607. would be greater than that which 

repels a", and therefore b" will be 
driven back to b, and a" to A. 

It follows, therefore, that the position of equilibrium of A b is in 
this case such that the system will return to it after the slightest 
disturbance on the one side or the other, and is therefore stable. 

If the pole s were the north pole, it would attract both currents, 
and in that case A' would be more strongly attracted than b', and b" 
than a", and consequently the spirals would depart further from the 
position A after the least disturbance. The equilibrium would there- 
fore be instable. 

It will be found, therefore, that when a north pole is presented 
BEFORE, or a south pole behind, such a pair of spiral currents, the 
system, fig, 605., will, on the least disturbance from the position 
of instable equilibrium, turn on its axis y y through half a revolution, 
presenting the fronts of the currents to the south pole, and will there 
com« to rest after some oscillations. 

In th^ position of stable equilibrium, the front of the currents 
must therefore be presented to the south pole of the magnet, or the 
back to the north pole. 

1957. Adaptation of an heliacal current to Ampere's and Delor- 
rive's apparatus. — The manner of adapting an heliacal current to 
Ampere's arrangement, fi^, 564., i^ represented in fig. 608., and 
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tte mannor of adapting it to the floating method is represeutod in 
j^. 609. 



Fig. 608. 



Fig. eog. 



Tbe positive wire is carried down from y, fig. 608., and then ooiled 
into an heliz from the centre to the extremity. Thence it is carried 
in a atraight direation through the centre of the heliz to the other 
extremity, from whence it is again conducted in heliacal ooila back to 
the centre, where it is bent upwards and terminates at the negative 
pole y. In one half of the helix the current therefore enters at the 
centre and isanea from the extremity, and in the other half it enters 
at the extremity and issues irom the centre. 

If the helices be both right-handed, therefore, the end from which 
^e current issues will have the properties of a norlh, and that at 
which it enters those of a south, magoetic pole. If they he both 
left-handed, this position of the poles ffill be reveised (1954). 

The wire which is carried straight along the axis neuhralizes that 
component of the heliacal current, which is parallel to the axis, leav- 
lug only the circular elements effective (1951). 

These properties may be experimentally verified by presenting 
either pole of a magnetic bar to one or the other end of the heliacal 
current. The same attractions and repulsions will be manifested as 
if the helix were a magnet. 

1958. Action of an heliacal current on a magnetic needle placed 

in. its a3ds.-~-'li h h' represent an heliacal ouiTent, the front of which 

, looks towards A, a north magnetic 

helix or beyond its extremities. 

Fig. 610. will be nrged by a force directed 

from A towards c. Between a 

and H it will be attracted by the combined forces of the fronts of all 

the convolutions of the helix- Between H and n' it will be attracted 

29* 
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by the fronts of those convolutions which are to the left of it, and 
repelled by the backs of all those to its right; Beyond h' towards 
0, it will be repelled by the backs of all the convolutions. In all 
positions, therefore, it will, if free, be moved from right to left, or in 
a direction contrary to that towards which the front of the current 
is directed. 

If the pole were fixed and the current moveable, the helix would 
move from left to right, or in that direction towards which the front 
of the current looks. 

If a magnetic needle BN,Jig. 611., be placed in the centre of the 
aids of an heliacal current, with it& poles equidistant from the ex- 
tremities, the south pole s being 
jP ^ ^ B presented towards that end f to 

fi which the front of the currents 
J^ looks, it will be in equilibrium, 
the pole N being repelled to- 
wards B, and the pole s towards 
F by equal forces ; for in this 
case the pole N will be attracted 
towards B by all the convolu- 
tions of the helix between n and 
B, and will be repelled in the same direction by all the convolutions 
between n and f ; while the pole s will in like manner be attracted 
towards F by all the convolutions between s and F, and repelled in 
the same direction by all the convolutions between s and B. 

The needle 8N, being thus impelled by two equal forces directed 
from its centre, will be in stable equilibrium. 

If the directions of the poles were reversed, thev would be im- 
pelled by two equal forces directed from its extremities towards its 
centre, and the equilibrium would be instable. 

When the magnetic needle is sufficiently light, and the heliacal 
current sufficiently powerful, a curious effect may be observed, if the 
needle be placed within the helix so as to rest upon the lower parts 
of the wire. Before the current is transmitted, the needle will rest 
on the wires under the position sn represented in^^. 611.; but the 
moment the connexion with the battery is made, and the current 
established, it will start up and place itself in the middle of the axis 
of the helix, as in the figure, where it will remain suspended in the 
air without any visible support. 



Fig. oil. 
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CHAP. VI. 

ELECTRO-MAGNETIC INDUCTION. 

1959. Inductive effect of a voltaic current upon a magnet. — The 
forces which a voltaic current impresses upon the poles of a perma- 
nent magnet, being similar in all respects to thosC^Jvith which the 
same poles would be affected by another magnet, it may be expected 
that the natural magnetism of an unmagnetized body would be de- 
composed, and polarity imparted to it by the approach of a voltaic 
current, in the same manner as by the approach of a magnet. Expe- 
riment accordingly confirms this consequence of the analogy suggested 
by the phenomena. It is, in fact, found that a voltaic current is 
capable of decomposing the natural magnetism of magnetic bodies, 
and of magnetizing them as effectually as the most powerful magnets. 
Soft iron rendered magnetic hy voltaic currents, — If the wire 
upon which a voltaic current flows be immersed in filings of soft iron, 
they will collect around it, and attach themselves to it in the same 
manner as if it were a magnet, and will continue to adhere to it so 
long as the current is maintained upon it; but the moment the con- 
nexions with the battery are broken, and the current suspended, they 
will drop off. 

Sewing needles attracted hy current. — Light steel sowing needles 
being presented to the wire conducting a current will instantly be- 
come magnetic, as will be apparent by their assuming a position at 
right angles to the wire, as a magnetic needle would do under like 
circumstances. When the current is suspended or removed, 
the needles will in this case retain the magnetism imparted 
to them. 

1960. Magnetic induction of an heliacal current. — To 
exhibit these phenomena with greater effect and certainty, 
the needles should be exposed to the influence not of one, 
but of several currents, or of several parts of the same 
current flowing at right angles to them. This is easily 
effected by placing theni within an heliacal current. 

Let a metallic wire coated with silk or other non-con- 
ductor be rolled heliacally on a glass tube, fig. 612., and 
the current being made to pass along the wire, let a needle 
{^T or bar of steel or hard iron be placed within the tube. It 
^^ will instantaneously acquire all the magnetism it is capable 
of receiving under these circumstances. 

On testing the needle it will be found that its boreal or 

south pole is at that end to which the front of the current 

Fig. 612, is presented; and, consequently, for a right-handed helix, 
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it will be towards the positive, and for a lef^t-handed helix towards 
the negative pole. It appears^ therefore^ that the needle acquires a 
polarity identical with that which the helix itself is proved to 
possess. 

1961. Polarity prodv/ced hy the induction of heliacal current. — 
In the case of the right-handed helix^ represented in fig. 612.^ the 
current passes in the direction indicated by the arrows^ and 
consequently the austral pole will be at a and the boreal 
pole at h. In the case of the left-handed helix, fig. 613., 
the position of these poles a and h is reversed in relation 
•2 to the direction of the current, but the boreal pole 5 is in 
both cases at that end to which the front of the current 
looks. 

1962. Consequent points produced. — If the helix be 
reversed once or oftener in passing along the tube, being 
alternately right-handed and left-handed, as represented in 
fig. 614., a consequent point will be produced upon the bar 
at each change of direction of the helix, 
.tf 1963. Jndu^itive action of common electricity prodttces 
jpolarity. — It is not only by the induction of the voltaic 
current that magnetic polarity may be imparted. Dis- 
^p charges of common electricity transmitted along a wire, 
especially if it have the form of an helix, will produce like 
Fig. 613. effects. If the wire be straight, the influence is feeble. 
Sparks taken from the prime conductor produce sensible 
effects on very fine needles ; but if the wire be placed in actual con- 
tact with the conductor at one end and the cushion at the other, so 
that a constant current shall pass along it from the conductor to the 
cushion, no effect is produced. The effect produced by the 
spark is augmented as the spark is more intense and taken 
at a greater distance from the conductor. 
-•« If the wire be formed into an helix, magnetic polarity will 
be produced by a continuous current, that is, by actually con- 
, necting the ends of the wire with the conductor and the ^ 
cushion; but these effects are much more feeble than those 
produced under like circumstances by the spark. 

All these effects are rendered much more intense when 
the discharge of a Leyden jar, and still more that of a 
'^ Leyden battery, is transmitted along the wire. When 
these phenomena were first noticed, it was assumed that 
the polarity thus imparted by common electricity must 
necessarily follow the law which prevails in the ease of a 
voltaic current, and that in the case of helices the boreal or 
south pole would be presented towards the front of the 
current. SaVary, however, showed that the effects of corn- 
Fig. 614. mon electricity obey a different principle, and thus estar 
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blisbed a fundamental distinction between tlie voltaic current and the 
electric discharge. 

1964. Conditions on which a needle is magnetized positively and 
negatively. — When an electric discharge is transmitted along a straight 
wirC; a needle placed at right angles to the wire acquires sometimes 
the polarity of a magnetic needle, which under the influence of a 
voltaic current would take a like position; that is to say, the austral 

' or north pole will be to the right of an observer who looks at the 
needle from the current, his head being in the direction from which 
the current flows. The needle is in this case said to be magnetized 
pontively. When the opposite polarity is imparted to the needle, it 
is said to be magnetized negativdy, 

1965. Results of Savary's eocperiments, — Savary showed that 
needles are magnetized by the discharge of common electricity, posi- 
tively or negatively, according to various conditions, depending on 
£he intensity of the discharge, the length of the conducting wire, 
supposing it to be straight, its diameter, the thickness of the needles, 
and their coercive force. In a series of experiments, in which the 

' needles were placed at distances from the current increasing by equal 
increments, the magnetization was alternately positive and negative ; 
when the needle was in contact with the wire, it was positive ; at a 
small distance negative, at a greater distance no magnetization was 
produced; a further increase of distance produced positive magnetism]; 
and after several alternations of this kind, the magnetization ended 
in being positive, and continued positive at all greater distances. 

The number and frequency of these alternations are dependent on 
the conditions above-mentioned, but no distinct law showing their 
relation to those conditions has been discovered. In general it may 
be stated, that the thinner the wire which conducts the current, the 
lighter and finer the needles, and the more feeble their coercive force 
is, the less numerous will be those periodical changes of positive and 
negative magnetization. It is sometimes found, that when these 
conditions are observed, the magnetization is positive at all distances, 
and that the periodic changes only aflect its intensity. 

Similar effects are produced upon needles placed in tubes of wood 
or glass, upon which an heliacal current is transmitted. In these 
cases, the mere variation in the intensity of the discharge produces 
considerable effect. 

1966. Magnetism imparted io the needle affected hy the non- 
magnetic svbstance which surrounds U. — Savary also ascertained a 
fact which, duly studied, may throw much light on the theory of 
these phenomena. The quantity of magnetism imparted to a needle 
by an electric discharge, and the character of its polarity, positive or 
negative, are affected by the non-magnetic envelope by which the 
needle is surrounded. If a needle be inserted in the axis of a very 
thick cylinder of copper, an helical current surrounding the cylinder 
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Till Qot impart magnotiam to it. If the thickaesB of the copper en- 
velope be gradaallj diminiBhed, the magnetization will be manifested 
in a. sensible degree, and it will become more and more iotense as tbe 
thickoesa of the copper is diminished. This iocrease, however, doej 
not oontinue until the copper envelope disappears, for when the 
thJ,ckneB3 is tedaced to a certain limit, a more intense magoetizatifin 
is produced than when the unccveied needle is placed witbin ibe 
helix. 

Gnvelopes of tin, iroD, and ulver placed aronod the needle ue 
attended with analc^ous effects, that ia to say ', when they con^t of 
Tery thin leaf metal they increase the quantity of magnetism which 
can be imparted to the needles by the cnrreot ) but when the metallic 
envelope is much thicker, they prevent the aotion of the electric dis- 
charge altogether. Cylinders formed of metallic filings do not 
produce these effects, while cylinders formed of alternate layers of 
metallic and non-metallic substances do produce them. It is inferKd 
from this that solutions of continuity at right angles to the axis of 
the needle,' or to that of the cylinder, have an infiuence on the 
phenomen.. 

1967- Tormalum of power/iil deetro-magneU. — The indncdre 
effect of a spiral or heliu^l current on soft iron is still more energetic 
than on steel or other bodies having more or less coercive force. The 
property enjoyed by soft iron, of suddenly acquiring magnetJam from 
any external magnetdziog agent, and as suddenly losing its magnetiam 
upon the suspension of such agency, has supplied the means of pro- 
ducing the temporary magnets which are known under the name of 

BLEOTBO-MAQNETS. 

The most simple form of electro-magnet is represented in Jiff. 615. 
It is composed of a bar of soft iron bent inlo 
the form of a horae-shoe, and of a wire wrapped 
with silk, which is coiled first on one arm, 
proceeding from one extremity to the bend of 
the horse-shoe, and then upon the other from 
the bend to the other extremity, care being 
taken that the convolutions of the spiral sh^ 
follow the same directdon in passing from one 
leg to the other, since, otherwise, consequent 
points would he produced- An armature is 
applied to the ends of the horae-ahoe, which 
Fig. 81S. will adhere to them so long as a voltaic current 

flows ux>on the wire, but which will drop off 
tiie moment that such current is discontinned. 

1968, Condition! which determine ih« force of the magnet — The 
force of the electro- magoet will depend on the dimensions of the 
horseshoe and the armature, the intenuty of the current, and the 
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namber of convoluticins witt wbich each leg of &e horse-shoe is 
wrapped. 

1969. Eleclro-magnet of Faadt^ of Sciences at ParU. — In 1830 
aa electro-magoet of extraordinary power was constructed under the 
Buperintendeaoe of M. Pooillet at Paris. This apparatus, represented 
in^. 616., consists of two horse-sboes, tbe legs of which are pre- 
sented to each other, the bends being turned in contrary directions. 

The superior horse-shoe is fixed in the 
frame of the appBTatus, the inferior being 
attached to a croBS-pieoe which slides in 
vertical grooves formed in the sides of 
^ the frame. To this cross-piece a dish or 
^plateau is suspended in which weights are 
placed, by the effect of which the attrao- 
tion wbich unites the two horGe-shoes is at 
length overcome. Each of the two borso- 
ahoes ia wrapped with 10,000 feet of 
covered wire, and they are ao arranged 
that the poles of contruy names shall be 
in contact. With a ourrcat of moderate 
Fig. BIS. intensity the apparatus ia capable of 

supporting a weight of several tons. 

1970. Form of electro-magnets in general. — It is found more 
oonvenient generally to construct electro-magnets of two straight bars 
of aoft iron, united at one end by a straight bar transverse to them, 
and attached to them by screws, so that the form of the magnet 
ceases to be that of a horse-shoe, the end at which the legs are uait«d 
being not curved but square. The conductor of the heliacal current 
is usually a copper wire of extreme tenaity. 

1971. Electro-magnetic power applied ag a mechanical agent. — 
The property of electro- magnets by which they are capable of sud- 
denly acquiring and losing the magnetic force, baa supplied the 
means of obtaining a mechanical agent which may be applied as a 
mover of machinery. An electro-magnet and ita armature, such as 
that represented in fg. 615., or two electro- magnets such as those 
jepresented in fg. 616., are placed so that when the electric current 
is suspended they will rest at a certain distance aaunder, and when 

5 the current pasaea on the wire they will be drawn into contact by 
their mutual attraction. When the current is again suspended they 
will separate. In this manner, by alternately suspending and trans- 
mitting the current on the wire which ia coiled round the electro- 
magnet, the magnet and its armature, or the two magnets, receive an 
alternate motion to and from each other similar to that of the piston 
of a steam-engine, or the foot of a person who works the treddle of a 
laibe. This alternate motion is made to produce one of continued 
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rotation by the same mechanical expedients as are used in the 
application of any other moving power. 

The force with which the electro-magnet and its armature attract 
each other, determines the power of the electro-motive machine, just 
as the pressure of steam on the piston determines ' the power of a 
steam-engine. This force, when the magnets are giv€n, varies with 
the nature and magnitnde of the galvanic pile which is employed. 

1972. Electro-motive power applied in the workshop of M. JFVo- 
ment. — The most remarkable and beautiful application of electro- 
motive power as a mechanical agent which has been hitherto wit- 
nessed is presented in the workshops of M. Gustave Froment, of 
Paris, so celebrated for the construction of instruments of precision. 
It is here applied in various forms to give motion to the machines 
contrived by M. Froment for dividing the limbs of astronomical and 
surveying instruments and microscopic scales. The pile used for the 
lighter description of work is that of Daniel, consisting of about 24 
pairs. Simple arrangements are made by means of commiutators, 
rheometers, and rheotropes, for modifying the current indefinitely in 
quantity, intensity, and direction. By merely turning an index or 
lever in one direction or another, any desired number of pairs may 
be brought into operation, so that a battery of greater or less inten- 
sity may be instantly made to act, subject to the major limit of the 
number of pairs provided. By another adjustment, the copper ele- 
ments of two or more pairs, and at the same time their zinc elements, 
may be thrown into connexion, and thus the whole pile,^ or any por- 
tion of it, may be made to act as a single pair, of enlarged surface. 
By another adjustinent, the direction of the current can be reversed 
at pleasure. Other adjustments, equally simple and effective^ are 
provided, by which the current can be turned on any particular ma- 
chine, or directed into any room that may be required. 

The pile used for heavier work, is a modification of Bunsen'a 
charcoal battery, in which dilute sulphuric acid is used in the porous 
porcelain cell containing the charcoal, as well as in the cell contain- 
ing the zinc. By this expedient the noxious fumes of the nitric acid 
are removed, and although the strength of the battery is diminished, 
sufficient power remains for the purposes to which it is applied. 

The forms of the electro-motive machines constructed by M. Fro- 
ment are very various. In some the magnet is fixed and the arma- 
ture moveable ; in some both are moveable. 

In some there is a single magnet and a single armature. The 
power is in this case intermittent, like that of a single acting steam- 
engine, or of the foot in working the treddle of a lathe, and the con- 
tinuance of the action is maintained in the same manner by the 
inertia of a fly-wheel. 

In other cases two electro-magnets and two armatures are com- 
bined, and the current is so regulated, that it is established on each 
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daring the intervals of its suspension on the other. This machine 
is analogous in its operation to the double-acting steam-engine, the 
operation of the power being continuous, the on<e magnet attracting 
its armature during the intervals of suspension of the other. The 
force of these machines may be augmented indefinitely, by. combining 
the action of two or more pairs of magnets. 

Another variety of the application of this moving principle, pre- 
sents an anology to the rotatory steam-«ngine. Electro-magnet^i are 
fixed at equal distances round a wheel, to the circumference of which 
the armatures are attached at corresponding intervals. In this case 
the intervals of action and intermission of the currents are so regu- 
J^ted, that the magnets attract the armatures obliquely, as the latter 
approach them, the current, and consequently the attraction, being 
suspended the moment contact takes place. The effect of this is, 
that all the magnets exercise forces which tend to turn the wheel on 
which the armatures are fixed constantly in the same direction, and 
the force with which it is turned is equal to the sum of the forces of 
all the electro-magnete which act simultaneously. 

This rotatory electro-motive machine is infinitely varied, not only 
in its magnitude and proportions, but in its form. Thus in some 
the axle is horizontal, and the wheel revolves in a vertical plane ; in 
others the axle is vertical, and the wheel revolves in an horizontal 
plane. In some the electro-magnets are fixed, and the armatures 
moveable with the wheel ; in others both are moveable. In some 
the axle of the wheel which carries the armatures is itself moveable, 
being fixed upon a crank or eccentric. In this case the wheel 
revolves within another, whose diameter exceeds its own by twice 
the length of the crank, and within this circle it has an hypocycloidal 
motion. 

Each of these varieties of the application of this power, as yet 
novel in the practical operations of the engineer and manufacturer, 
possesses peculiar advantages or convenience, which render it more 
eligible for special purposes. 

1973. Electro-motive machines constructed hy Mm. — To render 
this general description of M. Froment's electro-motive machines 
more clearly understood, we shall add a detailed explanation of two 
of the most efficient and useful of them. 

In the machine represented in jig, 617., a and h are the two legs 
of the electro-magnet; c c? is the transverse piece uniting them, 
which replaces the bend of the horse-shoe ; e/ is the armature con- 
fined by two pins on the summit of the leg a (which prevent any 
lateral deviation), the end f being jointed to the lever g h, which is 
connected with a short arm projecting from an axis k by the rod ^. 
When the current passes round the electro-magnet, the lever / is 
drawn down by the attraction of the leg 6, and draws with it the 
lever g h, by which i and the short lever projecting from the axis k 
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are also driven down. Attached to the same axis £ ia a longer ann 

ffl, which acts by a coQDeclJDg rod n upon a crank o and a fly-wbeel 
f. When the machine is in motioQ, the lever ff h and the anoatnre 
/ attached to it recover their position by the momentum of the fly- 
wheel, after having been attracted downwards. When the ourrent 
is again establiahed, the armature / and the lever g h are again 
attracted downwards, and the eame offects ensue. Thus, during each 
h si f-re volution of the crank o, it is driven by the force of the electro- 
magnet acting ony, and during the other half-revolution it is carried 
round bj the momentum of the fly-wheel. The current is suspended 
at the moment the crank o arrives at the lowest point of its play, and 
is re-eslablished when it returns to the highest point. The crank is 
therefore impelled by the force of the magnet in the descending halt 
of its revolution, and b; the momentum of the fly-wheel in the 
ascending half. 
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Tbe oontriranoe called & distrilnctor, by which the current is altei- 
Datelif estftbliabed and niapended at the proper moments, is repre- 
sented in jig. SlS.j where y represents the traneveise 
section of Uie Asis of the fly-wheel ; r, a spring which 
is kept in constant contact with it; ic, an eccentric fixed 
on the same ssis y, and revolving with it and i' another 
' Spring umllar to r, which b acted npon by the eccentric, 
tmd is thns allowed to preBs against the axis y daring 
half the revolntion, and remored from contact with it 
ng. eis. during the other half-revolution. When tbe spring / 
presses on tbe ssis y the current is establlBhed; and 
when it is removed from it tbe current is suspended. 

It is evident that tbe action of this machine npon the lever attached 
to &» axis k is exactly umilUr to that of tbe foot on the treddle of a 
lathe or a spinning-wbeel ; and as in these cases, the impelling force 
being intermittent, tbe action is nneqnal, tbe velocity being greater 
dnring the descending motion of tbe crai^ o than during its asoend- 
Ing motion. Althongh the inertia of tbe fly-Wheel diminishes this 
inequality by absorbing a put of the moving power in the descend- 
ing motion, and teatoring it to tbe crank in the ascending modon, it 
cannot altogether efToce it. 

Another electro-motive machine of M. Froment is represented in 
elevation in Jig. 619., and in plan in Ji/f. 620. This machine has 



the advantage irf producing a perfectly regular motion of totatioB, 
vhidi it idtaias for sevend bouTB without sensible change. 
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A drum, wbich revnlvea on a vertical axia x y, carries on its cii- 
cnmference eight bara of soft iron a placed at equal distances BsandeT, 
These bars are attracted laterallj, and always in the same direclioD, 
by the inteimittiag action of six elcctro-magnels hj moaut«d in a 
BtroDg hexagonal frame of cast iron, within which the drum reiolies. 
The intervals of action and sngpension of the current upon these 
magnets are so regulated tliat it is establiebed upon each of them st 
the moment one <n the bars of aoft iron a ia approaohiog it, and it is 
suspended at the moment the bar begins t« depart from it. Thus 
the attraction accelerates the motion of the drum upon the approach 
of the piece o towards the magnet 6, and ceases to aot when the piece 
a arrives in face of h. The action of each of the six impeUing forces 
upon each of the eight bars of soft iron attached to the drum is thus 
intermitting. During each revolution of the drum, each of the eight 
bars a receives six impulses, and therefore the drum itfiolf leceivea 
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forty-eight impulses. If we suppose the drum to make one revolu- 
tion in four seconds, it will therefore receive a auoeession of impuisea 
at intervals of the twelfth part of a second, which is practically equiv- 
alent to a continuous force. 

The intervals of intermission of the current are regulated by a 
dmple and ingenious apparatus. A metallic disc c is fixed upon the 
axis of rotation. Its surface consists of sixteen equal divisions, the 
alternate divisions being coated with non-conducting matter. A 
metallic roller A, which carries the current, piessee constantly on the 






sorfaee of this disc, to whicb it imparts the' current. Three other 
metallic rollers efg press against the edge of the disc, and, as the 
disc revolves, come alternately into contact with the conductiDg and 
non-eonduetdng divisions of it. When they touch the conducting 
divisions, the current is transmitted ; when they touch the non-con- 
ducting divisions^ the current is interrupted. , 

Each of these three rollers efg is connected by a conducting 
wire with the conducting wires of two electro-magnets diametrically 
opposed, as is indicated in^^. 620., so that the current is thus alter- 
nately established and suspended on the several elec^ro-magnetS; as 
the conducting and non-conducting divisions of the disc pass the 
rollers c, /, and g. 

M. Froment has adapted a regulator to this machine, which plays 
* the part of the governor of the steam-en^ne, moderating the force 

\ when the action of the pile becomes too strong, and augmenting it 

when it becomes too feeble. 

A divided circle m n, Jig, 619., has been annexed to the machine 
at the suggestion of M. Pouillet, by which various important physical 
experiments may be performed. 

1974. Applied as a sonometer, — This machine has been appHed 
with much success as a sonometer, to ascertain and register directiy^ 
the number of vibrations made by sonorous bodies in a ^ven time. 

1975. Momentary cu/rrent h^ induction,^!! a wire A, on which 
a voltaic current is transmitted, be brought into proximity with and 
parallel to another wire B, the ends of which are in metallic contact 
either with each other, or with some continuous system of conductors, 
BO as to form a closed drcwit, the electric equilibrium of the wire B 
will be disturbed by the action of the current a, and a current will 
be produced upon b in a direction opposite to that which prevails on 
A. This current will, however, be only momentary. After an in- 

' stant the wire B will return to its natural state. 

If the wire A, still carrying the current, be then suddenly re- 
moved from the wire B, the electric equilibrium of B will be again 
disturbed, and as before, only for a moment ; but in this case the 
current momentarily produced on B will have the same direction as 
the current on a. 

If the contact of the extremities of the wire B, or either of them 
[ with each other, or with the intermediate system of conductors which 

complete the circuit, be broken, the approach or removal of the cur- 
; rent a will not produce these effects on the wire B. 

If, instead of moving the wire a to and from b, the wires, both in 
, their natural state, be placed parallel and near to each other, and a 

, current be then suddenly transmitted on A, the same effect will be 

J produced on b as if a, already bearing the current, had been sud- 

^ denly brought into proximity with B. And in the same way it will 

I be found that if the current established on a be suddenly suspended, 

30* 
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the same effect will' ber produced as if A^ still bearing the correntj 
were suddenly removed. 

These phenomena may be easily exhibited experimentally, by con- 
necting the extremities of the wire a with a yoltaic pile, and the 
extremities of b with the wires of a rheoscope. So long as the cur- 
rent continues to pass without interruption on A, the needle of the 
rheoscope will remain at rest, showing that no current passes on b. 
But if the contact of a with either pole of the pile be suddeoly 
broken, so as to stop the current, the needle of the rheoscope will be 
deflected for a moment in the direction which indicates a current 
similar in direction to that which passed on A, and which has just 
been suspended ; but this deflection will only be momentary. The 
needle wUl immediately recover its position of rest, indicating that 
the cause of the disturbance has ceased. 

If the extremity of a be then again placed suddenly in contact 
with the pile, so as to re-establish the current on A, the needle 
of the rheoscope will again be deflected, but in the other direction, 
showing that the current produced on b is in the contrary direction 
to that which passes on A, and, as before, the disturbance will 
only be momentary, the needle returning immediately to its position 
of rest. 

These momentary currents are therefore ascribed to the inductive 
action of the current a upon the natural electricity of the wire B, 
decomposing it and causing for a moment the positive fluid to move 
in one direction, and the negative in the other. It is to the svddea 
jiresence and the sudden absence of the current A, that the phenomena 
must be ascribed, and not to any action depending on the commence- 
ment of the passage of the current on A, or on its discontinuance, be- 
cause the same effects are produced by the approdch and vyiihdrawai 
of A while it carries the current, as by the trarismission and disc&nr 
tinuance of the current upon it. 

1976. Experimental illustration. — The most convenient form of 
apparatus for the experimental exhibition of these momentary cur- 
rents of induction, consists of two wires wrapped with silk, which are 
coiled round a cylinder or roller of wood or metal, as represented in 
fig, 621. The ends are separated in leaving the roller, so that those 

of one wire may be carried to the 
pile, and those of the other to the 
rheoscope. The effect of the in- 
ductive action is augmented in 
proportion to the length of the 
f wires brought into proximity, other 
things being the same. It is found 
that the wire B, which receives the 
inductive action, should be much 
Fig. 621. finer and longer than that, a, which 
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bears the primary current. Thus, for example, while 150 feet of 
wire No. 18. were used for A, 2000 feet of No. 26. were used for b. 
The effect of the induction is greatly augmented by introducing a 
cylinder of soft iron, or^ still better, a bundle of soft iron wires, into 
the core of the roller. The current on A renders this mass of soft 
iron magnetic; and it reacts by induction on the wires conducting the 
currents. 

1977. Momentary cwirrents produced hy magnetic induction. —^ 
Since, as has been shown, a magnetic bar and an heliacal current are 
interchangeable, it may naturally be inferred that if an heliacal cur- 
rent produces by induction momentary currents upon an heliacal wire 
placed in proximity with it; a magnet must produce a like effect. 
Experiment has accordingly confirmed this inference. 

1978. Experimental illustrations. — Let the extremities of a 
'oovered wire coiled on a roller, fig. 622., be connected with a rheo- 

scope, and let the pole of a magnet A B be 
suddenly inserted in the core of the coil. A 
momentary deflection of the needles will be 
produced; similar to that which would attend 
the sudden approach of the end of an heliacal 
current having the properties of the magnetic 
pole which is presented to the coil. Thus the 
boreal pole will produce the same deflection 
as the fronty and the austral pole as the ba^k 
of an heliacal current. 

In like manner, the sudden removal of a 
magnetic pole from proximity with the heliacal 
wire will produce a momentary current on the 
wire, similar to that which would be produced 
by the sudden removal of an heliacal current 
having like magnetic properties. 

. The sudden presence and absence of a magnetic pole within the 
coil of wire on which it is desired to produce the induced current 

may be caused more conveniently and effi- 
ciently by means of the effects of magnetic 
induction on soft iron. The manner of Apply- 
ing this principle to the production of the 
induced current is as follows : — 

Let a b,fig. 623., be a powerful horse-shoe 
magnet, over which is placed a similar shoe of 
soft iron, round which the conducting wire is 
coiled in the usual manner, the direction of 
the coils being reversed in passing from one 
leg of the horse-shoe to the other, so that the 
current in passing on each leg may have its 
Fig. 623. front presented in opposite directions. The 
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eitr^mities of the wire are connected with ihose of a rheoscope at a 
sufficient didtance from the magnet to prevent its indications from 
being disturbed by the influence of the magnet. 

If the poles a S of the magnet be suddenly brought near the ends 
of the legs of the horse-shoe m on, the needle of me i^heoscope will 
indicate the existence of a momentary current on the o(»l of wire, 
the direction of which will be opposite to that which woald charac- 
terize the magnetic polarity imparted by ii^duction to the horse-shoe 
m c 71. If the magnet a ft be then suddenly removed, so as to 
deprive the horse-shoe m n of its magnelism, the rheoscope will 
again indicate the existence of a momentary current, the direction of 
which will now, however, be that which chatactertes the polarity 
imparted to the horse-shoe mon. 

It appears, therefore, as might be expected, that the sadden de-. 
composition and recomposition of the magnet^ fluids in the sofi iiun 
contained within the coil has the same effect as the sadden approach 
and removal of a magnet. 

1979. Inductive effects produced hy a permanent Timgnet revolving 
under an eHectro-magnet. — If the magnet a b were mounted so as 
to revolve upon a vertical axis passing through the centre of its bend, 
and therefore midway between its legs, its poles might be made to 
come alternately under the ends of the horse-shoe men, the horse- 
shoe mon being stationary. Ihiring each revolution of the magnet 
a hf the polarity imparted by magnetic induction to the horse-shoe 
would be reversed. When the austral pole a passes under niy and 
therefore the boreal pole under n, m would acquire boreal and n austral 
polarity. After making half a revolution h would come under m, 
and a under n, and m would acquire by induction austral and n 
boreal polarity. The momentary currents produced in the coils of 
wire would suffer corresponding changes of direction consequent as 
well on the commencement as on the cessation of each polarity, 
austral and boreal. 

To trace these vicissitudes of the inductive current produced npon 
the wire, it must be considered that the commencement of austral 
polarity in the leg m and that of boreal polarity in the leg n, give 
the same direction to the momentary inductive current, inasmuch as 
the wire is coiled on the legs in contrary directions. In the same 
manner it follows that the commencement of boreal polarity in m, 
and of austral polarity in n, produce the same inductive current. 

The same may be* said of the direction of the inductive currents 
consequent on the cessation of austral and boreal polarity in each of 
the legs. The cessation of austral polarity in m, and of boreal po- 
larity in 71, or the cessation of boreal polarity in m, and of austral 
polarity in n, produce the same inductive current. It will also fol- 
low, from the effects of the current and the reversion of the coils in 
passing from one leg to the other, that the inductive current pro- 
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duced b^ the cessation of either polarity on one leg of m o n will 
have the same direction as that produced by the commencement of 
the same polarity in the other. 

If the magnet a h were made to revolve under m c n,\t would 
therefore follow that duriug each revolution four momentary currents 
would be produced in the wire, two in one direction duriug one semi- 
revolution, and two in the contrary direction during the other semi- 
revolution. In the intervals between these momentary currents the 
wire would be in its natural state. 

It has been stated that if the extremities of the wire were not in 
metallic contact with each other, or with a continuous system of 
conductors, these inductive currents would not be produced. This 
condition supplies the means of producing in the wire an intermitting 
inductive current constantly in the same direction. To accomplish 
this, it will be only necessary to contrive means to break the contact 
of either extremity of the coil with the intermediate conductor during 
the same half of each successive revolution of the magnet. By this 
expedient the contact may be maintained during the half-revolution 
in which the commencement of austral polarity in the leg m, and of 
boreal in the leg n, and the cessation of boreal polarity in the leg m^ 
and of austral in the leg n, respectively take place. All these 
changes produce momentary currents having a common direction. 
The contact being broken during the other semi-revolution, in which 
the commencement of boreal polarity in m, and of austral in n, and 
the cessation of austral polarity in m, and of boreal in n, respectively 
take place, the contrary currents which would otherwise attend these 
changes will not be produced. 

1980. Use of a contact hreaTcer, — If it be desired to reverse the 
direction of the intermitting current, it will be only necessary to con- 
trive a contact hreaJcer which will admit of such an adjustment that 
the contact may be maintained at pleasure, during either semi-revo- 
lution of the magnet a h, while it is broken during the other. 

1981. Magneto-dectric machines, — Such are the principles on 
which is founded the construction of magneto-electric machines, one 
form of which is represented in fig, 624. The purpose of this appa- 
ratus is to produce by magnetic induction an intermitting current 
constantly in the same direction, and to contrive means by which the 
intervals of intermission shall succeed each other so rapidly that the 
current shall have practically all the effects of a current absolutely 
continuous. 

A powerful compound horse-shoe magnet A is firmly attached by 
bolts and screws upon an horizontal bed, beyond the edge of which 
its poles a and h extend. Under these is fixed an electro-magnet 
X Y, with its legs vertical, and mounted so as to revolve upon a ver- 
tical axis. The covered wire is coiled in great quantity on the legs 
X Y^ the direction of the coils being reversed in passing from one leg 
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to die oUier ; so that if a vollsic cnirent vere transinitted opon it, 
the eods x and Y would acquire opposite polarities. 

The axis upon which this electro-magnet reTolves has upon it a 
small grooved wheel / which is connected b; an endless cord or 
band n, with a large wheel s driven by a handle m. The relative 
diameters of the wheels r and /is snoh thst an extremely rapid rota- 
tion oan be imparted to x r by the hand applied at m. 

The two extremitiefl of the wire prooeeding &om the legs x and 
T are pressed by springs agunst the sur&cea of two rollers, c and d, 
fixed npoD the axis of the eleotro-magneL These rolleis themselves 



are in metallio connexion with a pair of handles P and H, to which 
tbe cnrrent evolved in (be wire of the electrCMoagnet zt will thus 
be oondncted. 

If the electro-magnet xt be now put in rotation by the handle 
m, the bandies p and N being connected by any continnons condac- 
tor, a system of intermitting and alternately conttaiy currents will 
be prodneed in the wire and in tbe eondoctor by which tbe bsndle» 



p aikd N Jure conneoted. But if the rollers c imd df are so conMved 
that the contact of the ends of the wire with them shall he oialy 
XDaii^tained dariug a semi-revolutioii in which the intermitting cur- 
rents have a common direction, then the current transmitted through 
ihe coodoctor connecting the handles p wod n will be intermittingi 
hut not contrary 3 andhy increasing the yelocity of rotation pif the 
electro-n^ignet x y, the intervals of intermission ,may be made to suc- 
ceed each other with indefinite celerity, and the current will thus 
acquire all the character of a continuous current. 

The contrivances by which the rollers c and d are nuide to break 
the contact^ and re-establish it with the necessary regularity and cer- 
tainty, are various. They may be formed as ecc^TUrCcs, so as to 
approach to and recede from the ends of the wire as they revolve^ 
touching them and retiring from them at^ the proper moments. Or^ 
being circular, they may consist alternately of conducting and non- 
conducting materials. Thup one half of the surface of such roller 
may be metal, while the other is wood, horn, or ivory. When the 
lend of the wire touches the latter the current is suspended, when it 
touches the former it is maintained. 

1982. Effects of this machine — its medical use, — ^All the usual 
effects of voltaic currents may be produced with this apparatus. If 
the handles p and n be held in the hands, the arms and body becoine 
the conductor through which the current passes from p to N. JfxY 
be made to revolve, shocks are felt, which become insupportable when 
the motion of x y acquires a certain rapidity. 

If it be desired to give local shocks to certain parts of the body, 
the hands of the operator, protected by non-conducting gloves, direct 
the knobs at the ends of the handles to the parts of the body between 
which it is desired to produce the voltaic shock. •^ 

1983. Inductive effects of the successive convolutions of the same 
helix. — The inductive effect produced by the commencemept or ces- 
sation of a current upon a wire, forming part of a closed circuit placed 
near and parallel to it, would lead to the infi^rence that some effect 
may be produced by one coil of an heliacal current upon another at 
the moment when such current commences or ceases^ At the mo- 
ment when the current commences, it might be expected that the 
inductive action of one coil upon another, having a tendency to pro- 
duce a momentary current in a contrary direction, would niitigate tho 
initial intensity of the actual current, and that at the moment the 
current is suspended the same inductive action, having a tendency to 
produce a momentary current in the same direction, would, on the 
contrary, have a tendency to augment the intensity of the actual 
current 

The phenomena developed when the contact of a closed circuit 
is made or broken^ are in remarkable accordance with these antici- 
pations. 
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If the wires which connect the poles of an ordinary pile, consist- 
ing of a dozen pairs, be separated or brought together, a very feeble 
spark will be visible, and no sensible change in the intensity of this 
spark will be produced when the length of the wire compassing the 
circuit is augmented so much as to amount to 150 or 200 yards. If 
this wire be folded or coiled in any manner, so long as the parts com- 
posing the folds or coils are distant from each other by a quarter of 
an inch or more, no change of intensity will be observed. But if 
the wire be coiled round a roller or bobbin, so that the successive 
convolutions may be only separated from each other by the thickness 
of the silk which covers them, a very remarkable effect will ensue. 
The spark produced when the extremities of the wire are brought 
together will still be faint ; but that which is manifest when, after 
having been in contact, they are suddenly separated, will have an 
incomparably greater length, and a tenfold or even a hundredfold 
splendour. The shock produced, if the ends of the wire be held in 
the hands when the contact is broken, has also a great intensity. 

1984. Effects of momentary inductive currents 'produced upon re- 
voLviny m>etaUic discs : researches of Arago, JSerschely Bahhagcy and 
Faraday, — ^It was first ascertained by Arago that if a circular disc 
of metal revolve round its centre in its own plane under a magnetic 
needle, the needle will be deflected from the magnetic meridian, and 
the extent of its deflection will be augmented with the velocity of 
rotation of the disc. By increasing gradually that velocity, the 
needle will at length be turned to a direction at right angles to the 
magnetic meridian. If the velocity of rotation be still more increased, 
the needle will receive a motion of continuous rotation round its 
centre in the same direction as that of the disc. 

That this fact does not proceed from any mechanical action of the 
disc upon the intervening stratum of air, is proved by the fact that 
it is produced in exactly the same manner where a screen of thin 
paper is interposed between the needle and the disc. 

Sir John Herschel and Mr. Babbage made a series of experiments 
to determine the relative power of discs composed of different metals 
to produce this phenomenon. Taking the action of copper, which 
is the most intense, as the unit, the following are the relative forces 
determined for discs of other metals : — 



Copper 
Zino .... 
Tin 



1-00 
0-93 
0-46 



Lead 0*26 

Antimony 0*09 

Bismuth 0*02 



Professor Barlow ascertained that iron and steel act more energeti- 
cally than the other metals. The force of silver is considerable, that 
of gold very feeble. Mercury holds a place between antimony and 
bismuth. 

Herschel and Babbage found that if a slit were made in the direc- 
tion of a radius of the disc it lost a great part of its force ; but that 
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when the edges of such a slit were soldered together with any other 
metal^ even with bismuth^ which itself has a yery feeble force^ the 
disc recovered nearly all its force. 

The motion of rotation of the needle is an effect which would 
result from a force impressed upon it parallel to the plane of the 
disc and at right angles to its radii. It was also ascertained, how- 
ever, that the disc exercises on the needle forces parallel to its own 
plane in the direction of its radii; and also perpendicular to its 
plane. 

A magnetic needle, mounted in the manner of a dipping-needle, 
80 as to play on a horizontal axis in a vertical plane, was placed over 
the revolving disc, so that the plane of its play passed through the 
centre of the .disc. The pole of the needle which was presented 
downwards was attracted to or repelled from the centre of the disc 
according to its distance from that point. Placed immediately over 
the centre, no effect, either of attraction or repulsion was manifested. 
As it was moved from the centre along a radius, attraction to the 
centre was manifested. This attraction was diminished rapidly as 
the distance from the centre was increased, and^ &t a certain point, 
it became nothing, the pole of the needle resting in its natural posi- 
tion. Beyond this distance repulsion was manifested, which was 
continued even beyond the limits of the disc. These phenomena 
indicate the action of a force directed parallel to the plane of the disc 
and in the direction of its radii. 

A magnetic needle was suspended vertically by one of its extrem- 
ities, and, being attached to the arm of a very sensitive balance, was 
accurately counterpoised. It was then placed successively over dif- 
ferent parts of the disc, and was found to be every where repulsedj 
whichever pole was presented downwards. These phenomena indi- 
cate the action of a repulsive force directed at right angles to the 
plane of the disc. 

All these phenomena have been explained with great clearness 
and felicity by Dr. Faraday, by the momentary inductive currents 
produced upon the disc by the action of the poles of the magnet, and 
the reaction of those currents on the moveable poles themselves. By 
the principles which have been explained (1977), it will be apparent 
that upon the parts of the disc which are approaching either pole of 
the magnet, momentary currents will be produced in directions con- 
trary to those which would prevail upon an electro-magnetic helix 
substituted for the magnet, and having a similar polarity ) while upon 
the parts receding from the pole, momentary currents will be 
produced, having the same direction. 

These currents will attract or repel the poles of the magnet accord- 
ing to the principles explained and illustrated in (1977) ; and thus 
all the motions, and all the attractions and repulsions described abovci 
will be easily understood. 

II, 31 
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CHAP. vn. 

INFLUENCE OF TERRESTRIAL MAGNETISM ON VOLTAIC CUBBENTS. 

1985. Direction of tke eartfCs magnetic attraction. — The laws 
which regulate the reciprocal action of magnets and currents in 
general being understood, the investigation of the effects produced bj 
the earth's magnetism on voltaic currents becomes easy, being nothing 
more than the application of these laws to a particular case. It has 
been shown that the magnetism of the earth is such, that in the 
northern hemisphere the austral pole of a magnet freelj suspended 
is attracted in the direction of a line drawn in the plane of the mag- 
netic meridian, and inclined below the horizon at an angle which 
increases gradually in going from the magnetic equator, where it is 
nothing, to the magnetic pole, where it is 90^. In this part of 
Europe the direction of the lower pole of the dipping-needle, and 
therefore of the magnetic attraction of the earth, is that of a line 
drawn in the magnetic meridian at an angle of about 70° below the 
horizon, and therefore at an angle of about 20°, with a vertical line 
presented downwards. 

1986. In this part of the earth it corresponds to that of the horeaZ 
pole of an artificial magnet — Now, since the magnetism of the 
earth in this part of the globe attracts the austral pole of the needle, 
it must be similar to that of the boreal or southern pole of an artificial 
magnet (1656.) To determine, therefore, its effects upon currents, 
it will be sufficient to consider it as a southern magnetic pole, placed 
below the horizon in the direction of the dipping-needle, at a distance 
so great that the directions in which it acts on all parts of the same 
current are practicallj parallel. 

1987. Direction of the force impressed hy it upon a current. — 
To ascertain the direction, therefore, of the force impressed by terres- 
trial magnetism on a current, let a line be imagined to be drawn 
from any point in the current parallel to the dipping-needle, and let 
a plane be imagined to pass through this line and the current. 
According to what has been explained of the reciprocal action of 
magnets and currents, it will follow that the direction of the force 
impressed on the current will be that of a line drawn through the 
same point of the current perpendicular to this plane. 

Let c c', Jig. 625., be the line of direction of the current, and 
draw O p parallel to the direction of the dip. Let L O R be a line drawn 
through o, at right angles to the plane passing through o p and c c'. 
This line will be the direction of the force impressed by the magnetism 
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Fig. 625. 



of the earth on the current 0. If the 
current pass from o to o', this force will 
be directed from o towards L, siuce the 
effect produced is that of a southern 
magnetic pole placed in the liue o P. If 
the current pass from o' to 0, the direc- 
tion of the force impressed on it will be 
from o towards R (1918). 

It follows, therefore, that the force 
which acts upon the current is always in 
a plane perpendicular to the dipping- 
needle. This plane intersects the hori- 
zontal plane in a line directed to the 
magnetic east and west, and therefore perpendicular to the magnetic 
meridian ; and it intersects the plane of the magnetic meridian in 
a Hne durected north and south, making, in this part of the earth, an 
augle with the horizon of 20° elevation towards the north, and 
depression towards the south. 

1988. Effect of terrestrial magnetism on a vertical current — K 
the current be vertical, the plane passing through its direction and 
that of the dipping-needle will be the magnetic meridian. The force 
impressed upon the current will therefore be at right angles to the 
plane of the magnetic meridian, and directed eastward when the 
current descends^ and westward when it ascends. 

1989. Effect upon a horizontal current directed north and south.^^ 
If the current be horizontal, and in the plane of the magiaetic meri- 
dian, and therefore directed in the line of the magnetic north and 
south, the force impressed on it will be directed to the magnetic east 
and west, and will therefore be also horizontal. It will be directed 
to the ea^tj if the current pass from north to south; and to the west, 
it it pass from south to north. This will be apparent, if it be con- 
sidered that the effect of the earth's magnetism is that of a south 
magnetic pole placed behw the current, 

1990. Case of an horizontal current directed east and west, — If 
the current be horizontal and at right angles to the magnetic meri- 
dian, the force impressed on it will be directed north and south in 
the plane of the magnetic meridian, and inclined to the horizontal 
plane at an angle of 20° in this part of the earth. This may be 
resolved into two forces, one vertical and the other horizontal (154). 
The former will have a tendency to remove the current from the 
horizontal plane, and the latter will act in the horizontal plane in the 
direction of the magnetic north and south. It will be directed from 
the south to the north, if the current pass from west to east, and from 
the north to the south, if the current pass from east to west. This 
will also be apparent, by considering the effect produced upon a 
horizontal current by a south magnetic pole placed below it. 
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1991. Com of a horizontal current' in any intermediate direc^ 
twn. — ^If a horizontal current have any direction intermediate between 
the magnetic meridian and a plane at right angles to it, the force 
impressed on it, beine still at right angles to the dipping-needle, and 
being inclined to the norizontal plane at an angle less than 20^, may 
be resolved into other forces (1*54:), one of which will be at right 
angles to the eorrent, and will be directed to the left of the corrent, 
as viewed from below by an observer whose head is in the direction 
firom which the current passes (1918). 

1992. Effect of the earth's magnetism on a vertical current which 
tarns round a vertical axis, — It follows, from what has been here 
proved, that if a descending vertical rectilinear current be so sus- 
pended as to be capable of turning freely round a vertical axis, the 
earth's maenetism will impress upon it a force directed from, west to 
east in a phne at right angles to the magnetic meridian ; and it will 
therefore move to such a position, that the plane passing through 
the current and the axis round which it moves shall be at right 
angles to the magnetic meridian, the current being to the east of the 
axis. 

If the current cucend, it will for like reasons take the position in 
the same plane to the west of the axis, being then urged by a force 
directed firom east to west. 

1993. IJjffed on a current which is capable of moving in a Ikcri- 
zontal plane. — If a vertical current be supported in such a manner 
that, retaining its vertical direction, it shall be capable of moving 
freely in a hc)rizontal plane in any direction whatever, as is the case 
when it floats on the sur&ce of a liquid, the earth's magnetism will 
impart to it a continuous rectilinear motion in a direction at right 
angles to the plane of the magnetic meridian, and directed eastward 
if Qie current descend, and westward if it ascend. 

If a horizontal rectilinear current be supported, so as to be capable 
of revolving in the horizontal plane round one of its extremities as a 
centre, the earth's magnetism will impart to it a motion of continued 
rotation, since it impresses on it a force always at right angles to the 
current, and directed to the same side of it. If in this case the 
current flow towards the centre round which it revolves, the rotation 
imparted to it will be direct; if from the centre, retrograde, as viewed 
from Aove (1920). 

1994. Experimental illustrations of these effects. — PouiHefs 
apparatus. — A great variety of experimental expedients have been 
contrived to verify these consequences of the principle of the influence 
of terrestrial magnetism on currents. 

To exhibit the effects of the earth's magnetism on vertical cur- 
rents, M. Pouillet contrived an apparatus consisting of two cir- 
cular canals, represented in their vertical section, in fg. 626., 
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Fig. 626. 



1/ one placed above the other, the lower canal haying 
~~ a greater diameter than the upper. In opening 
in the centre of these canals a metallic rod t is 
fixed in a vertical position, supporting a mercurial 
cup c. A rod h h'y composed of a non-conducting 
substance^ is supported in the cup c by a point at 
its centre. The vertical wires 27 1;^ are attached 
to the ends of the rod h hf, and terminate in points, 
which are turned downwards, so as to dip into 
the liquid contained iathe upper canal, while their 
lower extremities dip into the liquid contained in 
the lower canal. A bent wire connects the mer- 
cury contained in the cup c with the liquid in 
the upper canal. 

The liquid on the upper and lower canals is acidulated water or 
mercury. If the liquid in the lower canal be put in communication 
with the positive, and the rod t with the negative pole, the current 
will pass from that canal up. the two vertical wires t;t/, thence to the 
liquid in the upper canal, thence by the connecting wire to the mer- 
cury in the cup c, and thence by the rod t to the negative pole. 

By this arrangement the two vertical currents v v'^ which both 
ascend, are moveable round the rod ^ as an axis. 

When this apparatus is left to the influence of the earth^s mag- 
netism, the currents v t/ will be affected by equal and parallel forces 
directed westward at right angles to the magnetic meridian (1988). 
The equal and parallel forces being at equal distances from the axis 
ty will be in equilibrium in all positions (421), and the wires will 
therefore be astatic ^1695). 

If the point of tne wire i/ at K be raised from the upper canal, 
the current on v' will be suspended. In that case, the wire v being 
impelled by the terrestrial magnetism westward at right angles to 
the magnetic meridian, the system will take a position at right angles 
to that meridian, the wire on which the current passes being to the 
west of the axis t If the point at h' be turned down so as to dip 
into the liquid, and the point at A be turned up so as to suspend the 
current on h and establish that on A', the system will make half a 
revolution and will place the wire h' on which the current runs to 
the west of t 

If by the rheotrope the connexions with the poles of the battery 
be reversed, the currents on vi/ will descend instead of ascending. 
In that case the system will be astatie as before, so long as both 
currents are established on the wires v t/. But if the connexion of 
either with the superior canal be removed, the wire on which the 
remaining current passes being impelled eastwards, the system will 
take a position in the plane of the magnetic meridian, the wire on 
which the current runs being east of the axis t. 

31* 
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When the currents on the wires v t/ are both passing, the system 
will be astatic only so long as the currents are equally intense, and 
both in the same plane with the axis t. If while the latter condition 
is fulfilled one of the wires be even in a small degree thicker than 
the other, it will carry a stronger current, and in tiiat case it t^ll 
turn to the magnetic east or west, accordiug as the currents descend 
or ascend, just as though the current on the other wire were sup- 
pressed; for in this case the effective force is that due to the diffe- 
rence of the intensities of the currents acting on that which is the 
stronger. 

If the two wires be not in the same plane with the axis, the forces 
which act upon them being equal, aud parallel to the plane of the 
magnetic meridian, the position of equilibrium will be that in which 
the plane passing through them will be parallel to the latter plane. 

The position of equilibrium will be subject to an infinite variety 
of changes^ according as the plane of the wires v t/, their relative 
thickness, and their distances from the axis of rotation are varied, 
and in this way a great number of interesting experiments on the 
effects of the earth's magnetism may be exhibited. 

1995. Its ajpplicaiiaii to show the effect of terrestrial riMxgnetisfm 

on a horizontal current. — To show experimentally the effect of the 

earth's magnetism on a horizontal current, 

M. Fouillet contrived an arrangement on a 

>v similar principle, consisting of a circular 
V, 




canal, the vertical section of which is repre- 
sented in f^, 627. A horizontal wire a h 
is supported by a point at its centre which 
Fig. 627. rests in a mercurial cup fixed upon a metal- 

lic rod, like t, fig. 626. The two pcnnts, a 
and &, project from the wire and dip into the liquid in the eanal, 
the small weights c and d being so adjusted as to keep the wire a h 
Qxactly balanced. 

If the central rod be connected with the positive, and the liquid 
in the canal with the negative pole, the current will ascend on the 
central rod, and wiU pass along the horizontal wire in both directions 
from its centre to the points a and by by which it will pass to the 
liquid in the canal, and thence to the negative pole. K by the 
rheotrope the connexions be reversed and the names of the poles 
' changed, the current will pass from a and h to the centre, and thence 
by the central rod to the negative pole. 

In the former case, the wire a h will revolve with retrograde^ and 
in the latter with direct rotation, in accordance with what has been 
already explained (1918). 

1996. Its effect on vertical currents shcfwn ht/Amphre^s a'pparatux. 
— ^If a rectangular current, such as that represented in fi/g, 595., be 
suspended in Ampere's frame, fi^. 564., it will, when left to the in- 



INFLUENCE OF TERRBSTBIAL MAQNETISM. 



367 



flaence of terrestrial magnetism, take a position at right angles to 
tlse magnetic! meridian, the side on which the current descends being 
to the east. For in this case the horizontal currents which pass on 
the upper and lower sides of the rectangle, being contrary in direc- 
tion, will have a tendency to revolve, one with direct, and the other 
with retrograde motion round yif . These forces, therefore, neutralize 
each other. The vertical descending current will be attracted to the 
east, and the ascending current to the west (1992). 

1997. lU effects on a circular current moton by Ampere's aj>pa' 
ratus. — If a circular current, such as that represented in fig. 594., 
be suspended in Ampere's frame, fig. 564., and submitted to the in- 
fluence of terrestrial magnetism, each part of it may be regarded as 
being compounded of a vertical and horizontal component. The 
horizontal components in the upper semicircle, flowing in a direction 
contrary to those in the lower semicircle, their effects will neutralize 
each other. The vertical components will descend on one side and 
ascend on the other. That side on which they descend will be at- 
tracted to the easty and that at which they ascend to the west ; and, 
consequently, the current will place itself in a plane at right angles 
to the magnetic meridian, its front being presented to the south. 

1998. Its effect on a circular or spiral current shown hy Delarive^s 
ft,oating apparatus. — If a circular or spiral current be placed on a 
floating apparatus, it will assume a like position at right angles to the 
magnetic meridian, with its point to the south : and the same will 
be true of any circulating current. 

1999. Astatic currents formed hy Amptr^s apparatus. — ^To con- 
struct a system of currents adapted to Ampere's frame, which shall 
be astatic, it is only necessary so to arrange them that there shall be 
equal and similar horizontal currents running in contrary directions, 
and equal and similar vertical currents in. the same direction, and that 
the latter shall be at equal distances from the axis on which th^ sys- 
tem turns; for in that case the horizontal elements, having equal 
tendencies to make the system revolve in contrary directions, will 

equilibrate, and the vertical elements being 
affected by equal and parallel forces at equd 
distances from the axis of rotation, will also 
equilibrate. 

By considering these principles, it will be 
evident that the system of currents represented 
in fig. 628., adapted to Ampere's l^une, fig. 
564., is astatic. 

2000. Effect of earth* s magnetism on ^ral 

currents shovm hy Ampere's apparatus. — If 

the arrangement of spiral currents represented 

in fig. 605. be so disposed that the current 

Fig. 628. . after passing through one only of the two 
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spirals shall return to the negative pole, the earth's magnetbm will 
affect it so as to bring it into such a position that its plane will be 
at i-ight angles to the magnetic meridian. If the descending currents 
be on the side of the spiral more remote from the axis of motion, 
the system will arrange itself so that the spiral on which the current 
flows shall be to the east of the axis. If the descending currents 
be on the side nearer to the axis, the spiral on which the current 
flows will throw itself to the west of the axis. In each case, the front 
of the current is presented to the magnetic south; and the descending 
currents are on the east side of the spiral. 

If the current pass through both spirals in Jig, 605., and their 
fronts be on the same side, the earth's magnetism will throw them 
into the plane at right angles to the magnetic meridian^ their fronts 
being presented to the south. 

If their fronts be on different sides, the system will be astatic, and 
will rest in any position independent of the earth's magnetism, which 
in this case will produce equal and contrary effects on the two 
spirals. 

If the system of spiral currents represented in^. 606. be sus- 
pended in Ampere's frame, subject to the earth's magnetism, the 
fronts of the currents being on the same side of the two spirals, it 
will take such a position that the centres of the two spirals will be 
in the magnetic meridian, their planes at right angles to it, and the 
fronts of the currents presented to the south. If in this case the 
fronts of the currents be on opposite sides, the system will be 
astatic. ^ 

2001. IJffect on an horizontal current shown hy JPouiUefs appor 
raius. — The rotation of the horizontal current produced with the 
apparatus Jig. 627., may be accelerated, retarded, arrested, or in- 
verted by presenting the pole of an artificial magnet above or below 
it, at a greater or less distance. A south magnetic pole placed below 
it, or a north magnetic pole above, producing forces identical in 
direction with those produced by terrestrial magnetism, will accele- 
rate the rotation in a greater or less degree, according to the power 
of the artificial magnet, and the greater or less proximity of its pole 
to the centre of rotation of the current. 

A north magnetic pole presented below, or a south pole above the 
centre of rotation, producing forces contrary in their direction to 
those resulting from the earth's magnetism, will retard, arrest, or 
reverse the rotation according as the forces exerted by the magnet 
are less than, equal to, or greater than those impressed by terrestrial 
magnetism. 

If the system of currents represented in Jig, 629. be suspended on 
Pouillet's apparatus, represented in Jig. 626., it will receive a mo- 
tion of continued rotation from the influence of 'the earth's mag- 
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netism. In this case the vertical currents being 
in the same direction will be in equilibrium 
(1994) ; and the horizontal currents passing either 
from the centre of the upper horizontal wire to 
the extremities, or vice versdy axscording to the 
mode of connexion, will receive a motion of rota- 
tion direct or retrograde (1995). This motion 
of rotation may be affected in the manner above 
described by the pole of a magnet applied in the 
centre of the lower circular canal, Jig. 626. 
2002. Uffect of terrestrial magnetism on an 
Fig. 629. Tidiacal aurrent ^iovm by Amperes apparatus. — 
An heliacal current such as that represented in 
fig. 608., being mounted on Ampere's frame, or arranged upon 
a floating apparatus, fi^, 609., will be acted on by the earth's 
magnetism. The several convolutions will^ like a single circulat- 
ing current, take a position at right angles to the magnetic me- 
ridian, their fronts being presented to the south. The axis of the 
helix will consequently be directed to the magnetic north and south ; 
and it will, in fine, exhibit all the directive properties of a magnetic 
needle, the end to which the front of the currents is directed being 
its south pole. 

If such a current were mounted on a horizontal axis at right 
angles to the plane of the magnetic meridian, it would, under the 
influence of the earth's magnetism, take the direction of the dipping* 
needle, the front of the currents corresponding in direction to the 
south pole of the needle. 

2003. The dip of a current iliustrated hy Amperes rectangle.'^ 
Th€ phenomenon of the dip may also be experimentally illustrated 
by Ampere's electro-magnetic rectangle, fi^. 630., which consists of 
a horizontal axis xv, which is a tube of wood or other non-conductor, 
at right angles to which is fixed a lozenge-shaped bar a Zy composed 
also of a non-conductor. Upon this cross is fixed the rectangle a b d c, 
composed of wire. The rectangle .rests by steel pivots at M and n 
on metallic plates, which communicate by wires with the mercurial 
cups at s and b. These latter being placed in connexion with the 
poles of a voltaic battery^ the current will pass from the positive 
cup s up the pillar and round the rectangle, as indicated by the 
arrows. At x it passes along a wire through the tube x V to y, and 
thence by the steel pointy the plate M, and the pillar^ to the negative 
cup R. 

The axis M N being placed at right angles to the magnetic meri« 
dian, and the connexions established, the rectangle will be imme- 
diately affected by the earth's magnetism, and after some oscillations, 
will settle into a position at right angles to the direction of the 
dipping-needle. 
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In ibis case the forces impressed by the earth's magnetism on the 
parts of the current forming the sides A o and b D; will pass through 




Fig. 630. 

the axis M n, and will therefore be resisted. The forces impressed 
on A B and o d will be equal, and will act at the middle points a 
and z, at right angles to A B and D, and in a plane at right angles 
to the direction of the dip. These forces will therefore be in direc- 
tions exactly opposed to each other when the line a z takes the 
direction of the dip^ and will therefore be in equilibrium. 



CHAP. vin. 



REOIPROOAL INFLUENCE OF VOLTAIC CURRENTS. 

2004. Results of Amphre^s researches. — The mutual attraction 
and repulsion manifested between conductors charged with the elec- 
tric fluids in repose, would naturally suggest the inquiry whether 
any analogous reciprocal actions would be manifested by the same 
fluids in motion. The experimental analysis of this question led 
Ampere to the discovery of a body of phenomena which he had the 
felicity of reducing to general laws. The mathematical theory raised 
upon these laws has supplied the means by which phenomena^ hitherto 
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scattered and unconnected, and ascribed to a diversity of agents, are 
traced to a common source. 

Although the limits within which a treatise so elementary as this 
manual is necessarily confined excludes any detailed exposition of 
these beautiful physico- mathematical researches, they cannot be 
altogether passed over in silence. We shall therefore give as brief 
an exposition of them as is compatible with their great importance, 
and that clearness without which all exposition woidd be useless. 

2005. Reciprocal action of rectilinear currents, — If two rectili- 
near currents be parallel, they will attract or repel each other accord- 
ing as they flow in the same or opposite directions. 

This is verified experimentally by the apparatus represented in 
fig, 631., which is on the principle of Ampere's frame. The mer- 
curial cup marked + receives the cur- 
rent from the positive pole. The cur- 
rent passes as indicated by the arrows 
upwards on the pillar ty and thence to 
the cup Xy from which it flows round 
the rectangle, returning to the cup y, 
and thence to the pillar Vy by which it 
descends to the cup, which is connected 
with the negative pole. 

If the rectangle thus arranged be 
placed with its plane at any angle with 
the plane of the pillars t and v, upon 
which the ascending and descending 
currents pass, it will turn upon its axis 
until its plane coincides with the plane 
of the pillars t and v, the side of the 
rectangle d e^ on which the current ascends being next the pillar ty 
on which it ascends. If by means of the rheotrope (1911) the con- 
nexion be reversed, so that the current shall descend on t and d e, 
and shall ascend on v and h c, it will still maintain its position. But 
if the connexions at x and y be reversed, the connexions of the cups 
-f and — remaining unchanged, the current will descend on e d 
while it ascends on t, and will ascend on 6 c while it descends on v. 
In this case t will repel d e and attract b c, and v will repel b c and 
attract d e, and accordingly the rectangle will make a half revolu- 
"^ion, and b c will place itself near t, and d e near v, 

2006. Action of a spiral or heliacal current on a rectilinear cur- 
rent. — A sinuous, spiral, or heliacal current, provided its convolu- 
tions are not considerable in magnitude, impresses on another current 
in its neighborhood the same force as a straight current would pro- 
duce, whose direction would coincide with the axis of the sinuous or 
spiral current. This is proved experimentally by the fact that a 
spiral current which has a returning straight current passing along 
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its axis, will exercise no force eitber of attraction or repulsion on a 
straight current parallel to it. Now since on suspending the spiral 
current the straight current will attract or repel a parallel straight 
current, it follows that the spiral current exactly neutralizes the effect 
of the straight current flowing in the opposite direction, and conse* 
quently it will be equivalent to a straight current flowing in the 
same direction. 

2007. Mutual action of diverging or converging rectilinear cur- 
rents, — BectiHnear currents which diverge from or converge to a 

common point mutually 
^/...^ c attract. Those, one of 

which diverges, and the 
other converges, mutually 
repel; that is to say, if 
two rectilinear currents 
CO' and c</, Jig. 632., 
which intersect at o, both 
flow towards or from o, 
they will mutually attract ; 
but if one flow towards, and the other from o, they will mutually 
repel. The currents, being supposed to flow in the direction of the 
arrows, oo and oc will mutually attract, as will also oo' and ocf ; 
while o' and o c will repel, as will also o and o c'. 

If the wires conducting the currents were 
moveable on o as a pivot, they would accord- 
ingly close, the angle c c diminishing until 
they would coincide. 

2008. Experimentalillustratian of this, — 
This may be experimentally illustrated by the 
apparatus represented in fig, 633. in plane, 
and in fig. 634. in section, consisting of a 
circular canal filled with mercury or acidulated 
water separated into two parts by partitions 
at a and h. Two wires c d and ef suspended 
on a central pivot, move freely one over and 
independent of the other, like the hands of a 
watch, the points being at right angles, so as 
to dip into the canal. The mercurial cup x being supposed to be 
connected with the positive, andy with the negative pole, the cur- 
rent passing to the liquid will flow along the 
wires as indicated by the arrows from the 
liquid in one section to that of the other, and 
will pass to the negative cup y. When the 
wires c d and ef thus carrying the current are 
left to their mutual influence, the angle they 
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form will dose, and the directions of the wires wiir coincide, so that 
the currents shall flow in the same direction upon them. 

In these and all similar experiments, the phenomena will neces- 
sarily be modified by the effects produced by the earth's magnetism. 
In some cases the apparatus can be rendered astado (1695); and 
in others, the effect due to the terrestrial magnetism being known, 
can be allowed for, so that the phenomena under examination may 
be eliminated. 

2009. Mutual cvctUm of rectUinear currents which are not in the 
same plane, -r If two rectilinear currents be not in the same plane, 
their directions cannot intersect although they are not parallel. In 
this case a line may always be drawn, which is at the same time 
perpendicular to both. To assist the imagination in conceiviug such 
a geometrical combination, let a vertical rod be supposed to be 
erected, and from two different points of this rod let lines be drawn 
horizontally, but in different directions, one, for example, pointing to 
the north, and the other to the east If voltaic currents pass along 
two such lines, they will mutually attract, when they flow both to or 
both from the vertical rod; they will mutually repel, when one flows 
to the vertical rod and the other from it. 

In either case the mutual action of such currents will have a ten- 
dency to turn them into the same plane and to parallelism. If they 
mutually attract, their lines of direction turning round the vertical 
line will take a position parallel to each other, and at the same side 
of that line. K they mutually repel, they will turn on the vertical 
line in contrary directions, and will take a position parallel to each 
other, but at opposite sides of it. 

In Jig. 635., A b and o d represent two currents 
which are not in the same plane. Let p o be the 
line which intersects them both at right angles, and 
let planes b^ supposed to pass through their direc- 
tions respectively, which are parallel to each other, 
and at right angles to p o. If, in this case, c D be 
fixed and A B moveable, the latter will be turned 
into the direction a b parallel to d ; or if D were 
Fig. 635. free and AB fixed, CD would take the position cd; 
if both were free they would take some position 
parallel to each other ; and if free to change their planes, they would 
mutually approach and coalesce. It follows from this, that if the 
direction of either of the two currents be reversed, the directions of 
the forces they exert on each other will be also reversed ; but if the 
directions of both currents be reversed, the forces they exert on each 
other will be unaltered. 

2010. Mutual action of different parts of tlie same current. — 
Different parts of the same current exercise on each other a repulsive 
force. This will follow immediately as a consequence of the general 

II. 32 
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principle which has been josl establishecL Since a repnlsive actioii 
takes place between oo and ody fig. 632., and such action is inde* 
pendent of the magnltade of the angle o o </, it will still take place, 
however great that angle may be, and will tlietefore obtain when the 
angle ood becomes equal to 180^ > that is, when o c' forms the con- 
tinuation of o> or coalesces with o d. Hence, between o o and o c/ 
there exists a mutoall j repulsive action. 

2011. Amp^re^s eocperimentxd verification of this, — ^Independently 
of this demonstration, M. Ampere has reduced the repulsive action 
of different parts of the same rectilinear current to, the following 
experimental proof: — 

Let A B G D, fig, 636., be a glass or porcelain dish, separated into 
two divisions by a partition a c, also of glass; and let it be filled with 

mercury on both sides of A o. Let 
a wire, wrapped with silk, be formed 
into two parallel pieces, united by a 
semicircle whose plane is at right 
angles to that oi the straight par- 
allel parts, and let these two parallel 
straight parts be placed floating on 
the surface of the marcury at each 
side of the partition AC, over which 
the semicircle passes. The mercury in the divisions of the dish is 
in metallic communication with the mercurial cups £ and F placed in 
the direction of the straight arms of the floating conductor. When 
the cups E and f are put in connexion with the poles of a voltaic 
battery, a current will pass from the positive cup to the end of the 
floating conductor, from that along the arm of the conductor, then 
across the partition by the semicircle, then along the other floating 
arm, and from thence through the mercury to the negative cup. 
There is thus on each side of the partition a rectilinear current, one 
part of which passes upon the mercury, and the other part upon the 
straight arm of the floating conductor. When the current is thus 
established, the floating conductor will be repelled to the remote side 

of the dish. This repulsion is effected by 
that part of the straight current which passes 
upon the mercury acting on that part which 
passes along the wire. 

2012. Action of an indefinite rectilinear 
current on a finite rectilinear current at 
right angles to it, — A finite rectilinear cur- 
^rent a b, fig, 637., which is perpendicular 
to an indefinite rectilinear current c d lying 
Fig. 637. all at the same side of it, will be acted on 

by a force tending to move it parallel to 
itself, either in the direction of the indefinite current, or in the 
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Contrary cBreotioD, aocoTding to- the relative Erections of the two 
earrents. 

If the finite current do not meet the indeinite cunrent, let its line 
of direction he produced till it meets it at a. Take Miy t|ro points 
c and d on the indefinite current at equal distances from a^ and draw 
the lines c b and dhio any point on the finijie current. 

IHrst case,' Let the finite current he directed towards tlie indefi- 
nite ourrent. Hence the point h will he aiitraoted hy ^^-and repelled 
hy c (2007) ; and since dh^^ch, the attraction will he equal to the 
repulsion. Let the equal lines b e and hf represent this attraction 
and repulsion. By completing the rectangle, the diagonal b g will 
represent the resultant of these forces; and this line 6^ is parallel 
i^ cd, and the resultant is contrary in direction to the indefinite 
ourrent. 

The same may he proved of the action of all points on the indefi- 
nite current on the point 5, and the sum of all these resultants will 
he the totaj. action of the indefinite current on &. 

The same may he proved respecting the action of the definite cur- 
rent on all the points of the indefinite current. 

Hence the current a b will he urged hy a system of forces acting 
at all its points parallel io cd, and in a contrary direction. 

Second case. Let the finite current he directed /rom the indefinite 
ourrent. The point b will then he attracted hy c and repelled hy d^ 
and the resultant b^ will he contrary to its former direction. 

Hence the current a b will he urged hy a system of forces parallel 
io cdy and in the same direction as the indefinite current. 

Since the action of the two currents is reciprocal, the indefinite 
current will he urged hy a force in its line of direction^ either ae- 
cording or contrary to its direction^ as the finite current runs/rom or 
towards it. 

2018. Ca>se in which the indefinite current is circular, — If the 
indefinite current cd he supposed to he hent into a circular form so 
as to surround a cylinder^ on the side of which is placed the vertical 
current a bj it is evident that the same reciprocal action will take 

place; hut in that case the mo- 
tion imparted will be one of 
rotation round the axis of the 
cylinder as a centre. 

2014. JEocperimental verijlcor 
tion of these principles, — These 
principles are experimentally 
verified by the apparatus, Jig, 
638., where azsb represents a 
ribbon of copper coated with 
silk and carried round the cop- 
Vig. 688. per circular canal v. A con- 
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ductor connects the mercurial cap c with the central metallic pillar 
which supports a mercurial cup p. In this cup the metallic point 
tn is placed. The mercurial cup d is in meUJlio communication 
with the acidnlated water in the circular canal v. A hoop of metal 
h is- supported hy the point m by means of the rectangular wire^ 
and is so adjusted that its lower edge dips into the liquid in the 
canal v. 

Itet" the mercury in a be connected with the positive pole of the 
battery, and the mercury in d with the negative pole. The current 
entering at a will pass round the circular canal upon the coated 
ribbon of copper, and, arriving at hj it will pass to c by a metallic 
ribbon or wire connecting these cups. From c it will pass to the 
central pillar, and thence to the cup p. It will then pass from m as 
a centre in both directions on the wire, and will descend to the 
hoop hf from which it will pass into the liquid in the canal v, and 
thence to the cup d, with which the liquid is in metallic commu- 
nication, and, in fine, from d it will pass to the negative pole of the 
battery. 

By this arrangement, therefore, a circular current flows round 
the exterior surface of the vase v, while two descending currents 
constantly flow upon the wire at right angles to this circuhu: current. 
The circular current being fixed, and the vertical currents being 
moveable, the latter will receive a motion of continued rotation by 
the action of the former; and in the case here supposed, this rota- 
tion will be in a direction contrary to the direction of the circular 
current. If the connexions be reversed by the rheotrope, the direo- 
tion of the circular current will be reversed, but at the same time 
that of the vertical currents on the wire will be also reversed; and, 
consequently, no change will take place in the direction of the rota- 
lion. These ehanges of direction of the two currents neutralize each 
other. But if, while d is still connected with the negative pole, b 
be connected with the positive pole, the connexion between b and c 
being removed, and a connexion between a and c being established, 
then the direction of the circular current being from, sio z will be 

reversed ; while that of the vertical currents remains 
still the same, the direction of the rotation will be 
reversed. 

2015. To determine in general the action of an 
indefinite rectilinear current on a finite rectilinear 
current. — First. Let it be supposed that the finite 
current ABffi^. 639., has a length so limited that 
all its points may be considered as equally distant 
from the indefinite current, and therefore equally 
acted on by it. In this case the current A B may 
Fig. 639. be replaced by two currents, A d perpendicular and 
A c parallel to the indefinite current, and the action 
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of the indefinite eurrent on a jt will be equivalent to its combined 
actions on a d and A o. 

If A be supposed to be the positive end of the finite onrrent, it 
will also be the positive end of the component currents A b and a o. 
Supposing the indefinite current parallel to A o to run in the same 
direction as A 0, then A D will be urged in the direction A c (2012), 
and A in the direction A cfy by forces proportional to A d and A o. 
Hence, if ad'=:^d, and ao'=ao, ad' and ao' will express in 
magnitude and direction the two forces which act on the component 
currents. The resultant of these two forces ad' and Ao' will be 
the diagonal A b', which is evidently perpendicular to a b and equal 
to it. 

Secondly, Let the finite current have any proposed length, and 
from its positive end a, fig. 640., let a line A o be drawn perpen- 

^ dicular to the indefinite current 

x'x, this current being sup- 
posed to run from x' to x. 

If the distance o A be greater 
than A B, that current A B, 
whatever be its position, will 




lie on the same side of x'x^ 
and the action of x'x on every 
small element of A B will be 
perpendicular to A B, as has 
•^ been just demonstrated. The 
current ab will therefore be 
Fig. 640. acted on by a system of par- 

allel forces perpendicular to its 
direction. The resultant of these forces will be a single force equal 
to their sum, and parallel to their common direction. Hence the 
indefinite current x' x will act on the finite current A b by a single 
force R in the direction c D. 

If the current A b be supposed to assume successively difierent 
positions, b„ Bg, b,, &o., around its positive end A, the line o d will 
represent in each position the direction of the action of the current 
x' X upon it. 

It is evident that when the indefinite current runs from x' to X, 
the action on the finite current is such as would cause it to turn 
round its positive end A with a direct, or round its negative end b 
with a retrograde rotation. 

If the indefinite current run from x to x', the direction of its action 
on A B, and the consequent motions of A b, would be reversed. 

The point o of the current A B at which the resultant R acts will 
vary with the position of the current A b, approaching more towards 
x' X as A B approaches the position A Bg ] but in every position this 
resultant must be between a and b. The force producing the rota- 
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iion therefore haying a varying moment^ the rotation will not be 
uniform. 

If the distance o A be very great compared with A b, the resultant 
B will be sensibly constant, and will act at the middle point of A b. 

In this case^ if the middle point of A B be fixed; no rotation can 
take place. 

If the distance o A be less than aB; the current ab will in cer- 
tain positions intersect z' x, Jig. 641., and a part will be at one side 




Fig. 641. 

and a part at the other. In this case the action on a b, in all posi- 
tions in which it lies altogether above x' x, is the same as in the 
former case. 

When it crosses x' x, as in the positions A Bj, A Bg, a B4, the action 
is different. In that case the forces which act on Am^ and those 
which act on m b-, are in contrary directions, and their resultant is 
in the one direction or in the other, according as the sum of the 
forces acting on one part is greater or less than the sum of the forces 
acting on the other part. If A m be in every position of A b greater 
than m B, then the resultant will be in every position in the same 
direction as if the current a b did not cross x' x ; and if the point a 
were fixed, a i^otion of continued rotation would take place, in 
the same manner as in 'the former case, except that the impelling 
force would be diminished as the line a b would approach the posi- 
tion A B3. 

But if A o be less than 
half A B, the. circumstances 
will be different. In that 
case there will be two posi- 
tions ABa and A B4, Jig. 642., 
at equal distances from A Bs, 
at which the line A b will be 
bisected by x' x. 

In all positions of A B not 
included between a Bg and 
A B4, the action of the indefi- 
nite current upon it takes 




Fig. 642. 



place in the same direction as in the former cases. 
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But in the positions A b' and A b", where m b' and m b'' are 
greater than m A, the forces acting on m b' and m vl* exceed those 
acting in the contrary direction on m A, and consequently the resultant 
(^ the forces on A B in all positions between a b, and A B4 is con- 
trary to its direction ih every other position of the line a b. 

In the positions A B2 and A B4 the resultant of the forces in one 
direction on A m is equal and contrary to the resultant of the forces 
on B m. There will in these positions be no tendency of the current 
A B to remove except round its middle point 

If the indefinite current x' x pass 
through A^ fi^, 643., the resultants of 
its action on a b will be in contrary 
directions above and below x' x, and 
will in each case tend to turn the cur- 
rent a b round the point A so as to 
make it coincide in direction with the 
indefinite current x' x. 

2016. Experimental iUustratUm of 
i^iese principles. — These effects may be illustrated experimentally 
by means of the apparatus, fig. 638., already described. The cir- 
cular current surrounding the canal v being removed, and the cur- 
rents on the wire m being continued, let an indefinite rectilinear 
current be conducted under the apparatus at different distances from 
the vertical line passing through the pivot, and the effects above 
described will be exhibited. 

2017. Effect of a straight indefinite current on a system of diver- 
ging or converging currents. — If any number of finite rectilinear 

y 
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ourrents diTerge from or conyerge to a common centre^ the syslem 
will be affected by an indefinite onrrent near it^ in the same manner 
as a single radiating current would be aflPected. 

Thus if a number of straight and equal wires have a commoa 
extremity, and are traversed by currents flowing betweeli that extre- 
mity, and the circumference of the circle in which their other extre- 
mities lie, an indefinite current x' x placed in the plane of the circle, 
as represented in fig. 644., will cause the radiating system of cup- 
ren£s to involve in the one direction or the other^ as indited by the 
arrows in the figures. 

2018. Experimental illustration of this action. — The^e actions 
may be shown experimentally, by putting a vertical wire, fi^. 645., 

in communication with the centre of a shallow 
F9 circular metallic vessel of mercury y, and an- 

other wire N, communica^ng with the outside 
of the vessel, into communication .with the 
S. poles of a battery : diverging currents will be 
transmitted through the mercury in the one 
direction or the other, according to the con- 
nexion } and if a straight conducting wire o l>, 
conveying a powerful electric current is 
brought near the vessel^ a rotation will be 
£'ig. 6i5. imparted to the mercury, ijxe direction of 

which will be in conformity with the prin- 
ciples just explained. Davy used a powerful magnet instead of the 
straight wire. 

2019. Conseqtbences dediicihle from this action. — The following 
consequences respecting the action of finite and indefinite rectilinear 
currents will readily follow from the principles which have been 
established. 

When a finite vertical conductor A b, moveable round an axis o o', 
is subjected to the action of an indefinite horizontal current M n, the 
plane A B o' o will place itself in the position o' o b' a', when the 
vertical current descends, and the horizontal current runs from N to 
M, fig. 646. 

If the direction of the 
vertical or horizontal cur- 
rent be reversed, the posi- 
tion of equilibrium of the 
former will be o (/ A b ; but 
if the direction of both be 
reversed, the position of 
equilibrium will remain un- 
altered. 

When two vertical con- 
ductors A 6 and a' b' are 



lO 



I 



w: 



} 



M. 



Fig. 646. 



RECIPROCAL INFLUENCB OJ CURRENTS. 



3ai 



moveable round a vertical axis o o', and connected together, tliej 
will remain in equilibrium, whatever be their position, if they are 
both traversed by currents of the same intensity in the same direc- 
tion, provided that the indefinite rectilinear current which upon them 
be at such a distance and in such a position that its distances from 
the points b and b' may be considered always equal. When the 
wires A b and a' b' are traversed by currents in opposite directions, 
one ascending and the other descending, the system will then turn 
on its axis o o' until the vertical plane through A b and a' b' becomes 
parallel to m n, the descending current being on that side from which 
the indefinite current flows. 

2020. Action of an indefinite straight current on a drculating 
current. — The circulating current, ^A, Jig. 647., is a£fected by the 





N- 



. Fig. ur. 

indefinite current p N in the same manner as would be affected the 
rectangular current b. The current p n a£fects the descending side a 
by a force contrary/ to, and the ascending side h by an equal force 
o/ccording with, its own direction (2012). In the same manner it 
affects the sides c and d with forces in contrary directions, one to- 
wards, and the other from, p n. But the side c, being nearer to 
p N than dy is more strongly affected ; and consequently the attrac- 
tion, in the case represented in^. 646., will prevail over the repul- 
sion. If the direction of either the rectilinear or circulating current 
be reversed, the repulsion will prevail over the attraction. 

Thus it appears, that an indefinite current flowing from right to 
lefty under a circulating current having direct rotation, or one moving 
from left to right under a circulating current having retrograde rota- 
tion, will produce attraction ; and two currents moving in the con- 
trary directions will produce repulsion. 

If the current A be fixed upon an horizontal axis a & on which it 
is capable of revolving, that side c at which the current moves in the 
same direction as p N will be attracted downwards, and the plane of 
the current will take a position passing through p n, the side c being 
nearest to that line. 

If the current A be fixed upon the line c c? as an aziS; it will turn 
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into the same position, the side h on whicli the current ascends being 
on the side towards which the current p n is directed. 
• 2021. Oase in tohich ike indefinite straight current is perpeiu 

dicvlar to the pictce of the circulating current. 
— If the rectilinear current A Byfig. 648., be 
perpendicular to the circular current Q K K, 
and within it, and be moveable round the cen- 
tral line o o'; a motion of rotation will be im- 
pressed upon it contrary to that of the circular 
current. This may be experimentally verified 
by an apparatus constructed on the principles 
represented in fig, 649., consisting of a wire 
frame supported and balanced on a eentral poini' 
in a mercurial cup. The current passing be- 
tween this point and the liquid in a circular 
canal will ascend or descend on the vertical wires according to the 

arrangement of the connexions. The circular car- 
rent may be produced by surrounding the circular 
canal with a metallic wire, or ribbon coated with a 
non-conductor, upon which the current may be 
transmitted in the usual way. The wire frame 
wiU revolve upon the centrtd point wiik direct or 
retrograde rotation, according to the directions of 
the currents. If the current ascend on the wires, 
they will revolve in the same direction as the cir- 
cular current; if it descend, in the contrary direo* 
tion. ^ 

The circular current may also be produced by a spiral current 
placed under the circular canal, and the wire frame may be replaced 
by a light hollow cylinder, supported on a central point The spiral 
in this case may be moveable and the cylinder fixed, or vice vend^ 
and the reciprocal action3 will be manifested. 

2022. Case in which (he straight 
current is oblique to the pUme of 
the circulating current — Like 
effects will be produced when the 
rectilinear current, instead of being 
perpendicular to the plane of the 
circular current, is oblique to it. 

Let the rectilinear current a c, fig, 
650., be parallel to the plane of the 
circular current N Q. If the current 
flow from a to c, the part a h which 
is within the circle will he affected 
by force opposite to the direction of 
^e nearest part of the current n q, 




Fig. 649. 
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and the part h c outside the circle will be affected by a force in the 
same direction. If the current flow from c to a, contrary effects 
will ensue. 

If in this case the straight current be limited to ah, and be capa- 
ble of revolying round a in a plane parallel to that of the circle, it 
will receive a motion of rotation in the same or in a contrary direction 
to that of the circulating current, accordingly as it flows from 5 to a, 
or from a to b. If the straight current be limited to 6 c, it will, un- 
der the circumstances, receive rotation in the contrary direction. If, 
in ine, it extend on both sides of the circle. It will rotate in the one 
direction or the other, according as the intermd or external part pre- 
dominates. 

2023. Reciprocal effects of curviUnear carrevUs. — The mutual in- 
fluence of rectilinear alid curvilinear currents being understood, the 
reciprocal effects of curvilinear currents may be easily traced. Each 
small part of such current may be regarded as a short rectilinear cur- 
rent, and the separate effects of such elementary parts being ascer- 
tained, the effects of the entire extent of the curvilinear currents will 
be the resultants of these partial forces. 

2024. Mutual action o/ curvilinear currents in gcTieral. — ^An end- 
less variety of problems arise from the various forms that curvilinear 
currents may assume, the various positions they may have in relation 
to each other, and the various conditions which may restrain their 
motions. The solution of all such problems, however, presents no 
other difficulties than those which attend the due application of the 
geometrical and mechanical principles already explained in each par- 
ticular case. 

To take as an example one of the most simple of the infinite var- 
riety of forms under which such problems are presented, let the 
centres of two (Hroular currents be fixed ; 'the planes of the currents 
being free to assume any direction whatever, they will turn upon 
their centres till they come into the same plane, the parts of the cur- 
rents which intersect the line joining their centres flowing in the 
same direction. It is evident that upon the least disturbance from 
this position, they will be brought back to it by the mutual attraction 
of the parts of the circles on the sides which are near each other. 
This is therefore their position of stable equilibrium, and it is evident 
that the fronts of the currents in this position are on opposite sides 
of their common plane. 
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CHAP. IX. 

VOLTAIC THEOBY OF MAGNETISM. 

2025. Circulating currents have the magnetic: properties, — From 
what has been proved, it is apparent. that an heliacal current has all 
the properties of a magnet. Such currents exert the same mutual 
attraction and repulsion, have the same polarity, ijnbmitted to the 
influence of terrestrial magnetism have the same directive properties, 
and exhibit all the phenomena of variation and dip that are manifested 
by artificial and natural magnets. And it is evident that these pr^ 
perties depend on the circulating and not on the heliax^al character 
of the current, inasmuch as the effect of the progression of the helix 
being neutralized by carrying the current back in a straight direction 
along its axis, the phenomena instead of being disturbed are still 
more regular and certain. 

These properties of circulating currents have been assumed bj 
Ampere as the basis of his celebrated theory of magnetism, in which 
all magnetic phenomena are ascribed to the presence of currents cir- 
culating round the constituent molecules of natural and artificial 
magnets, and around the earth itself. 

Let a bar magnet be supposed to be cut by a plane at right angles 
to its length. Every molecule in its section is supposed to be invested 
by a circulating current, all these currents revolving in the same di- 
rection, and consequently their fronts being presented to the same 
extremity of the bar. The forces exerted by all the currents thus 
prevailing around the molecules of the same section may be con- 
sidered as represented by a 'single current circulating round the bar, 
and the same being true of all the transverse sections of the bar, it 
may be regarded as being surrounded by a series of circulating cur- 
rents all looking in the same direction, and circulating round the bar. 
That end of the bar towards which the fronts of the currents are 
presented will have the properties of a south or boreal pole, and the 
other end those of a north or austral pole. 

2026. Magnetism of the earth may proceed from currents. — Id 
this theory the globe of the earth is considered to be traversed by 
electric currents parallel to the magnetic equator. The forces ex- 
erted by the currents circulating in each section of the earth, lik^ 
those in the section of an artificial magnet, are considered as repre- 
sented by a single current equivalent in its effect, and which is called 
the m^an current of the earth, at each place upon its surface. The 
magnetic phenomena indicate that the direction of this mean current 
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at each place is in a plane at right angles to the dipping-needle^ and 
that it is directed in this plane from east to west, and at right angles 
to the magnetic meridian. 

2027. Artijicial magnets eocphmed on this liypoihesis, — ^In bodies 
such as iron or steel, which are susceptible of magnetism, but which 
are not magnetized, ^e currents which circulate round the constituent 
molecules are considered to circulate in all possible planes and all 
possible directions, and their forces thus neutralize each oUier. Such 
bodies, therefore, exert no forees of attraction or repulsion on each 
other. But, when such bodies are magnetized, the fronts of 6(Hne or 
all of these currents are turned in the same direction, and their forces, 
instead of being opposed, are combined. The more perfect the mag- 
netization is, the greater prc^rtion of the currents will thus be 
presented in th^ same direction, and the magnetization will be per- 
fect when all the molecular currents are turned towards the same 
direction. 

2028. Effect of the presence or absence of coercive force. — If the 
body thus magnetized be destitute of all coercive force, like soft iron, 
the currents which are thus temporarily turned by the magnetizmg 
agent in the same direction will fall into their original confusion and 
disorder when the influence of that agent is suspended or removed, 
and the body will consequently lose the magnetic properties which 
had been temporarily impsurted to it. If, on the contarary, the body mag- 
netized have more or less coercive force, the accoidance conferred 
upon the direction of the molecular currents is maintained with more 
or less persistence after the magnetizing agency has ceased ; and the 
magnetic properties accordingly remain unimpaired until the accord- 
ance of the currents is deranged by some other cause. 

2029. This hypothesis caainot he admitted as established until ^ 
existence of the m>olecular currents shall be proved. — To establish 
this theory according to the rigorous principles of inductive science, 
it would be necessary that the actual existence of the molecular vol- 
taic currents, which form the basis of the theory, should be proved by 
some other evidence than the class of effects which they are assumed 
to explain. Until such proof shall be obtained, they cannot be ad- 
mitted to have the character of a vera causa, and the theory must 
be regarded as a mere hypothesis, more or less probable, and more 
or less ingenious, which may be accepted provisionally as affording 
an explanation of the phenomena, and thus reducing magnetism to 
the dominion of electricity. 



II. 33 
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CHAP. X. 

BHEO80OPE8 AND BHE0METEB8. 

2030. Instruments to ascertain the presence and to mea>sure the in- 
tensiti/ of currents. — It has been shown that when a voltaic carrent 
passes over a magnetic needle freely suspended; it will deflect the 
needle from its position of rest; the quantity of this deflection de- 
pending on the forcC; and its direction on the direction of the current. 

If the needle be astatic^ and consequently have no directive force, 
it will rest indiflerently in any direction in which it may be placed. 
In this case the deflecting force of the current will have no other 
resistance to overcome than that of the friction of the needle on its 
pivot ; and if the deflecting force of the current be greater than this 
resistance, the needle will be deflected, and will take a position at 
right angles to the current, its north pole being to the left of the 
current (1918). 

If the needle be not astatic it will have a certain directive force, 
and, when not deflected by the current, will place itself in the mag- 
netic meridian. K, in this case, the wire conducting the current be 
placed over and parallel to the needle, the poles will be subject at 
once to two forces ; the directive force tending to keep them in the 
magnetic meridian, and the deflecting force of the current tending to 
place them at right angles to that meridian. They will, consequently, 
take an intermediate direction, which will depend on the relation 
between the directive and deflecting forces. If the latter exceed the 
former, the needle will incline more to the magnetic east and west ; 
if the former exceed the latter, it will incline more to the magnetic 
north and south. If these forces be equal, it will take a direction at 
an angle of 45^ with the magnetic meridian. The north pole of the 
needle will, in all cases, be deflected to the left of the current 
(1918). 

If while the directive force of the needle remains unchanged the 
intensity of the current vary, the needle will be deflected at a greater 
or less angle from the magnetic meridian, according as the intensity 
of the current is increased or diminished. 

2081. Expedient for augmenting the effect of a feeble current, — 
It may happen that the intensity of the current is so feeble as to be 
incapable of producing any sensible deflection even on the most sen- 
sitive needle. The presence of such a current may, nevertheless, be 
detected, and its intensity measured, by carrying the wire conducting 
it first over and then under the needle, so that each part of the current 
shall exercise upon the needle a force tending to deflect it in the 
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same direcdon. By this expedient the deflecting force exereised by 
the current on the needle is doubled. 

Such an arrangement is represented in^. 651. The wire passes 

from ntoz over, and from y to x under 
I the needle; and it is evident from what 

has been explained (1918), that the 
part z n and Uie part y x exercise deflect- 
j^,^-^ A ing forces in the same direction on the 

n/^J^ • '"j U poles of the needle, both tending to 




deflect the north or austral pole a to the 
left of a person who stands at z and 
looks towards a. It may be shown in 
Fig. 651. like manner that the vertical parts of 

the current g x and y z have the same 
tendency to deflect the north pole a to the left of a person viewing it 
from z, 

2032. Method of constructing a rheoscope, gcdvanometer, or mul' 
tiplier. — The same expedient may be carried further. The wire 
upon which the euirent passes may be carried any number of times 
round the needle, and each successive coil will equally augment its 
deflecting force. The deflecting force of the simple current will thus 
be multiplied by twice the number of coils. If the needle be sur- 
rounded with an hundred coils of conducting wire, the force which 
deflects it from its position of rest, will be two hundred times greater 
than the deflecting force of the simple current. 

The wire conducting the current must in such case be wrapped 
with silk or other non-conducting coating, to prevent the escape of 
the electricity from coil to coil. 

Such an apparatus has been called a mvMplier, in consequence 
of thus multiplying the force of the current. It has been also 
denominated a galvanometer^ inasmuch as it supplies the means of 
measuring the force of the galvanic current. 

We give it by preference the name rheoscope or rheometery as indi- 
cating the presence and measuring the intensity of the current. 

To construct a rheometer, let two flat bars of wood or metal be 
united at the ends, so as to leave an open space between them of 
sufficient width to allow the suspension and play of a magnetic needle. 
Let a fine metallic wire of silver or copper, wrapped with silk, and 
'having a length of eighty or a hundred feet, be coiled longitudinally 
round these bars, leaving at its extremities three or four feet uncoiled, 
so as to be conveniently placed in connexion with the poles of the 
voltaic apparatus f^om which the current proceeds. Over the 'bars 
on which the conducting wire is coiled, is placed a dial upon which 
an index plays, which is connected with the magnetic needle sus- 
pended between the bars, and which has a common motion with it, 
the direction of the index always coinciding with that of the needle. 
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The dnde of the dittl is divided into 360°, the index being direoted 
to 0° (n; 180°, vhere the needle ia parallel to the eoile of the 
eonducting wire. 

Such an instrument, mounted in the 
nsu&l manner and covered by a bell-glass 
to protect it from the difiturbanoeB of the 
sir, ia represented in^. 652. 

The needle is usnally suspended by a 
single filament of raw silk. If the length 
of wire necessary for a single ooil be six 
inches, fifty feet of wire will eoffice for a 
j hundred coils. To detect the presence of 

very feeble currents, however, a much 
greater number of coils are frequently 
necessary, and in some instruments of this 
Fig. esi. hind there are several tbonsand coils of 

wire. 

2033. NbbiU't rJieometer. — Without multiplying inconveniently 
the coils of the conducting wire, Nobili contrived a rheoscope which 
possesses a sensibility luffident for the most delicate eEperimenlal 
researohes. This arrangement consists of two magnetio needles fixed 
upon a eommoQ centre parallel to each other, but with their poles 

reversed as represented in J\g. 653. 
If the directive forces of these needles 
were exactly equal, such a combinatioD 
would be astatic ; and although it 
wonld indicate the presence of an ex- 
, tremcly feeble current, it would supply 
no means of measoring the relative 
forces of two such currents. Such aa 
apparatus would be rheoacf^ie, but not 
rheometric. To impart to it the latter 
Kg. S53. property, and at the same time to con- 

fer on it a high degree of sensibility, 
the needles are rendered a little, and but a little, unequal in their 
directive force. The directive force of the combination being the 
difiorence of the directive forces of the two needles, is therefore 
extremely small, and the system ia proportionately sensitive to the 
influence of tbe current. 

2034. Differential rheometer. — In certain researches a differential 
rheometer is found useful. In this apparatus two wires of exactly 
the same material and diameter are ooiled round the instrument, and 
two currents are made to pass in opposite directions upon them so as 
to cxeroiBe apposite deflecting forces on the needle. Tbe deviation 
of the needle in this case measures the di&renoe of the intensities 
of the two currents. 
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2035. Great sensitiveness of these instruments iUustrcUed. — The 
extreme sensitiveness and extensive utility of these rheoscopic appa- 
ratus will be rendered apparent hereafter. Meanwhile it may be 
observed that if the extremities p and n of the conducting wires be 
dipped in acidulated water, a slight chemical action will take place, 
which will produce a current by which the needle will be visibly 
a£fected. 

'In all cases it is easy to determine the direction of the current by 
the direction in which the north pole of the needle is deflected. 





CHAP. XL 

THERMO-ELECTRICITY. 

2036. Disturbance of the thermal equilihrium of conductors pro- 
duces a disturbance of the electric equilibrium, — If a piece of metal 

B, fig. 654., or other conductor, 
+ ;b c - ^ interposed between two pieces 

awnwmvmw 1^ ^ 0, of a different metal, the points 

of contact being reduced to differ- 
ent temperatures, the natural elec- 
tricity at these points will be 
decomposed, the positive fluid 
Fig. 654. passing in one direction, and the 

negative fluid in the other. If 
the extremities of the pieces c be connected by a wire, a constant 
current will be established along such wire. The intensity of thi^ 
current will be invariable so long as the temperatures of the points 
of contact of B with c remain the same ; and it will in general be 
greater, the greater the difference of these temperatures. If the 
temperatures of the points of contact be rendered equal, the current 
will cease. 

These facts may be verified by connecting the extremities of C with 
the wires of any rheoscopic apparatus. The moment a difference of 
temperature is produced at the points of contact, the needle of the 
rheoscope will be deflected ; the deflection will increase or diminish 
with every increase or diminution of the difference of the tempera- 
tures; and if the temperatures be equalized, the needle of the rhe- 
oscope will return to its position of rest, no deflection being produced. 

2037. Thermo-electric current — A current thus produced is called 
a thermo-electric current. Those which are produced by the ordinary 
voltaic arrangements are called for distinction hydro-electric currents^ 
a liquid conductor always entering the combination. 

33* 
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2038. Ea^penmental tUtLstration. — A convenient and simple appar 
ratus for the experimental illustration of a thermo-electric current is 

represented in^. 655., consist- 
ing of a narrow strip of copper 
bent so as to form three sides of 
a rectangle, the fourth part of 
which is a cylinder of bismuth, 
about half an inch in diameter, 
which is soldered at both ends 
to the copper so as to ensure 
perfect contact. A magnetic 
needle is placed within the rect- 
angle, which is directed in the 
Fig. 656. plane of the magnetic meridian, 

so that the needle, when undis- 
turbed bv the current, shall rest in the direction of the rectangle, its 
north pole pointing to the zinc cylinder. 

K a lamp be placed under the end of the bismuth cylinder, so as 
to raise its temperature above that of the upper end, the needle will 
be immediately deflected, and the deflection will increase as the dif- 
ference of the temperatures of the lower and upper end of the sdnc 
cylinder is increased. 

2039. Conditions which determine the direction of the current, — 
When the temperature of the lower end of the bismuth cylinder is 
ikiore elevated than that of the upper end, the north pole of the 
needle is deflected towards the east, from which it appears that the 
current in this case flows from the upper to the lower end of the 
cylinder, and passes round the rectangle in the direction represented 
by the arrows. 

If the heat be applied to the upper end of the bismuth, or, what 
is the same, if cold be applied to the lower end, the north pole of 
the needle will be deflected to the west, showing that the direction 
of the current will be reversed, the positive fluid always flowing to- 
wards the warmer end of the bismuth. 

2040. A constant difference of temperature produces a constant 
current. — If means be taken to maintain the extremities of the bis- 
muth at a constant diflFerence of temperature, the needle will main- 
tain a constant deflection. Thus, if one end of the bismuth be 
immersed in boiling water and the other in melting ice, so that their 
temperatures shall be constantly maintained at 212° and 32"^, the 
deflection of the needle will be invariable. If the temperature of 
the one be gradually lowered, and the other gradually raised, the 
deflection of the needle will be gradually diminished ; and when the 
temperatures are equalized, the needle will resume its position in the 
magnetic meridian. 

2041. Different metals have different thermo-electric energies. — 
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This property, in virtue .of which a derangement of the electric equi- 
librium attends a derangement of the thermal equilibrium, is common 
to all the metals, and, indeed, to conductors generallj; but, like 
other physical properties, they are endowed with it in very different 
degrees. Among the metals, bismuth and antimony have the greatest 
thermo-electric energy, whether they are placed in contact with each 
other, or with any other metal. If a bar of either of these metals 
be placed with its extremities in contact with the wires of a rheom- 
eter, a deflection of the needle will be produced by the mere warmth 
of the finger applied to one end of the bar. If the finger be applied 
to both ends, the deflection will be redressed, and the needle will re- 
turn to the magnetic meridian. 

It has been ascertained that if different parts of the same mass of 
bismuth or antimony be raised to different temperatures, the electric 
equilibrium will be disturbed, and currents will be established in 
different directions through it, depending on the relative tempera- 
tures. These currents are, however, much less intense than in the 
case where the derangement of temperature is produced at the points 
of contact or junction of different conductors. 

2042. Pouillefs thermo-electric apparatus. — M. Pouillet has with 
great felicity availed himself of these properties of thermo-electricity 
to determine some important and interesting properties of currents. 
The apparatus constructed and applied by him in these researches is 
represented in^^. 656. 

Two rods A and b of bismuth, each about sixteen inches in length 




Pig. 656. 



and an inch in thickness, are bent at the ends at right angles, and 
being supported on vertical stands are so arranged that the ends OD 
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and EF may be let down into caps. The cups and E are filled with 
melting ice, and J> and F with boiling water, so that the ends o and 
E are kept at the constant temperature of 32°, and the ends J> and 
F at the constant temperature of 212°. 

A differential rheometer (2033) is placed at M. Two conducting 
circuits are formed either of one or several wires, one commencing 
from F, and after passing through the wire of the rheometer m, re- 
turning to e; the other commencing from D, and after passing through 
the wire of the rheometer in a contrary direction to the former, return- 
ing to c. The wires conducting the current are soldered to the ex- 
tremities 0, D, E, F of the bismuth rods, which are immersed in the 
cups. 

~ If the two currents thus transmitted, the one between v and "r, 
and the other between d and o, have equal intensities, the needle of 
the rheometer M will be undisturbed ; but if there be any difference 
of intensity, its quantity and the wire on which the excess prevails 
will be indicated by the quantity and direction of the deflection of 
the needle. 

The successive wires along which the current passes are brought 
into metallic contact by means of mercurial cups, a, &, c, d, &Cj into 
which their ends are immersed. 

The circuits through which the current passes may be simple or 
compound. If simple, they consist of wire of one uniform material 
and thickness. If compound, they consist of two or more wires dif- 
fering in material, thickness, or length. 

The wire composing a simple circuit is divided into two lengths, 
one extending from D or F to the cup e or d, where the current enters 
the convolutions of the rheometer, and the other extending from the 
cup h or /, where the current issues from the rheometer to c or £, 
where it returns to the thermo-electric source. The wires compos- 
ing a compound current may consist of a succession of lengths, the 
current passing from one to another by means of the metallic cups. 
Thus, as represented in the figure, the wires Fc,cd, and/E, forming, 
with one wire of the rheometer, one circuit, and the wires Dc, ft a, 
and ac, forming with the other wire of the rheometer the other cir- 
cuit, may differ from each other in material, in thickness, and in 
length. 

The currents pass as indicated by the arrows, from the extremity 
of the bismuth which has the higher temperature through the wires 
to the extremity which has the lower temperature. 

2043. Relation between the intensity of the current and the length 
and section of the conducting wire. — If the two circuits be simple 
and be composed of similar wires of equal lengths, the intensity of 
the two currents will be found to be equal, the needle of the rheom- 
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eter being tindisturbed. But if the length of the circuit be greater 
in the one than in the other, the intensities will be unequal, that 
current which passes over the longest wire having a less intensity in 
the exact proportion in which it has a greater length. 

If the section of the wire composing one circuit be greater than 
that of the wire composing the other circuit, their lengths being equal, 
the current carried by the wire of greater section will be more intense 
than the other in exactly the proportion in which the section is 
greater. 

If the wire composing one of two simple cirouits have a length 
less than that composing the other, and a section also less in the 
same proportion than the section of the other, the currents passing 
over them will have the same intensity, for the excess of intensity 
due to the lesser length of the one is compensated by the excess due 
to the greater section of the other. 

In general, therefore, if I and i' express the intensities of the two 
currents transmitted from d and F, j\^. 656., over two simple cir- 
cuits of wire of the same metal, whose sections are respectively s and 
s'; and whose lengths are L and l', we shall have : 

, s s' 

I« T* • • __ • ^__ • 
• X • • • , > 

L L'^ 

» 

that is to say, the intensities are directly as the sections and inversely 
as the lengths of the wire. 

If two simple circuits be compared, consisting of wires of diflferent 
metals, this proportion will no longer be maintained, because in that 
case wires of equal length and equal section will no longer give the 
currents equal intensities, because they will not have equal conduct- 
ing powers. That circuit which, being alike in other respects, is 
composed of the metal of greatest conducting power, will give a cur- 
rent of proportionally greater intensity. The relative intensities, 
therefore, of the currents carried by wires of different metals of equal 
length and thickness are the exponents of the relative conducting 
powers of these metals. 

In general, if o and c' express the conducting powers of the metab 
composing two simple circuits^ we shall have : 

-/ s , s' 

irfiiox — :c'x-;. 

2044. Conducting powers of metals, — M. Pouillet ascertained on 
these principles the conducting powers of the following metals rela* 
tively to that of distilled mercury taken at 100 : — 
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MetalB. Condnctlng Power. 

Mercury 100 

Iron 600 to 700 

Steel 600 to 800 

Brass 200 to 900 

Platinum.. 860 

Copper •••• 8800 

Gold 8900 

Silver : 5200 

Palladium 5800 

2045. Current passing through a compound circuit of uniform 
intensity. — The current which passes through a compound circuit 
is found to have an uniform intensity throughout its entire course. 
In passing through a length of wire, which is a bad conductor, its 
intensity is neither greater nor less than upon one which is a good 
conductor, and its intensity on pieces of unequal section and unequal 
length is in like manner exactly the same. 

. 2046. Equivalent simple circuit. — A simple circuit compoeed of 
a wire of any proposed metal and of any proposed thickness can 
always be assigned upon which the current would have the same 
intensity as it has on any given compound circuit ; for by increasing 
the length of such circuit the intensity of the current may be indefi- 
nitely diminished, and by diminishing its length the intensity may 
be indefinitely increased. A length may therefore be always found 
which will give the currjent any required intensity. 

The length of such a standard wire which would give the current 
of a simple circuit the same intensity as that of a compound circuit, 
is called the reduced length of the compound circuit. 

2047. Ratio of intensities in two compound circuits. — It is evi- 
dent, therefore, that the intensities of the currents on two compound 
circuits are in the inverse ratio of their reduced lengths, for the wires 
composing such reduced lengths are supposed to be of the same 
material and to have the same thickness. 

2048. Intensity of the current on a given conductor varies with 
the thermo-electric e/nergy of the source. — In all that has been stated 
above, we have assumed that the source of thermo-electric energy 
remains the same, and that the changes of intensity of th^ current 
are altogether due to the greater or less facility with which it is 
allowed to pass along the conducting wires from one pole of the 
thermo-electric source to the other. But it is evident, that with the 
same conducting circuit, whether it be simple or compound, the 
intensity of the current will vary either with the degree of disturb- 
ance of the thermal equilibrium of the system or with the thermo- 
electric energy of the substance composing <;he system. 

In the case already explained, the ends of the cylinders A and B 
have been maintained at the fixed temperatures of 32^ and 212^. 
If they had been maintained at any other fixed temperatures, like 
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phenomena would have been manifested, with this difference only, 
that with the same circuit the intensity of the current would be dif- 
ferent, since it would be increased if the difference of the tempera- 
ture of the extremities were increased, and would be diminished if 
that difference were diminished. 

In like manner, if, instead of bismuth, antimony, zinc, or any 
other metal were used, the same circuit and the same temperatures 
of the ends o and D or E and f would exhibit a current of different 
intensity, such difference being due to the different degree of thermo- 
electric energy with which the different metals are endowed. 

The relative thermo-electric energy of different sources of these 
currents, whether it be due to a greater or less disturbance of the 
thermal equilibrium, or to the peculiar properti^ of the substance 
whose temperature is deranged, or, in fine, to both of these causes 
combined, is in all cases proportional to the intensity of the current 
which it produces in a wire of given material, length, and thickness, 
or in general to the intensity of the current it transmits through a 
given circuit. • 

The relative thermo-electric energy of two systems may be ascer- 
tained by placing them as at A and b, fig. 656., and connecting 
them by simple circuits of similar wire with the differential rheo- 
meter. Let the lengths of the wires composing the two circuits be 
60 adjusted, that the currents passing upon them shall have the same 
intensity. The thermo-electric energy of the two systems will then 
be in the direct ratio of the lengths of the circuits. 

2049. Thermo-electric piles. — The intensity of a thermo-electric 
current may be augmented indefinitely by combining together a 
number of similar thermo-electric elements, in a manner similar to 
that adopted in the formation of a common voltaic battery. It is 
only necessary, in making such arrangement, to dispose the ele- 
ments so that the several partial currents shall all flow in the same 
direction. 

Such an arrangement is represented in fi^. 657,, where the two 
metals (bismuth and copper, for example) composing each therm o- 
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Fig. 657. 

electric pair are distinguished by the thin and thick bars. If the 
points of junction marked 1, 3, 5, &c. be raised to 212°, while the 
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points 2f 4, 6, &o. are kept at 32^, a cnrrent will flow from each of 
the points 1, 3, 5, &o. towardis the points 2, 4, 6, &o. respectiyelj, 
and these ourrents severally overlaying each other^ exactly as in the 
voltaic batteries, will form a current having the sum of their inten- 
sities. 

2050. Thermo-electric pile of NMU and MeUoni. — Various 
expedients have been suggested for the practical construction of such 
thermoelectric piles, one of the most efficient of which is that of 
MM. Nobili and MeUoni. This pile is composed of a series of thin 
plates of bismuth and antimony, bent at their extremities, so that 
when soldered together they have the form and arrangement indi- 
cated in jig. 658. The spaces between the suoces- 
aive plates are filled by pieces of pasteboard, by 
which the combination acquires sufficient solidity, 
and the plates are retained in their position with- 
Fig. 658. out being pressed into contact with each other. 
The pile thus formed is mounted in a frame as 
represented in Jig. 659., and its poles are connected with two pieces 

of metal by which the current may be transmitted 
to any conductors destined to receive it. It will 
be perceived that all the points of junction of the 
plates of bismuth and antimony which are pre- 
sented at the same side of the franco are jJternate 
in their order, the 1st, 3rd, 5th, &c. being on one 
side, and the 2nd, 4th, 6th, &c. on the other. I^ 
Fig. 659. then, one side be exposed to any source of heat or 
cold from which the other is removed, a correspond- 
ing difference of temperature will be produced at the alternate 
joints of the metal, and a current of proportionate intensity will 
flow between the poles p and n upon any conductor by which they 
may be cohnected. 

It is necessary, in the practical construction of this apparatus, that 
the metallic plates composing it should be all of the same length, so 
that when combined the ends of the system where the metallic joints 
are collected should form an even and plain surface, which it is usual 
to coat with lampblack, so as to augment its absorbing power, and at 
the same time to render it more even and uniform. 

This was the form of thermo-electric pile used by M. Melloni in 
the series of experimental researches adverted to in 1564, and the 
manner in which it was applied is exhibited in all its details in Jig. 
451., where p w are the poles of the system, and p the rheometer 
through which the current is transmitted. 
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CHAP. XII. 

ELEOTRO-OHEMISTBY. 

2051. Decomposing power of a voltaic current. — ^When a voltaic 
current of su£Bcient intensity is made to pass through certain hodies 
consisting of constituents chemically combined^ it is found that de- 
composition is produced attended by peculiar circumstances and con- 
ditions. The compound is resolved into two constituents, which 
appear to be transported in contrary directions, one with and the 
other against the course of the current. The former is disengaged 
at the place where the current leaves, and the other at the place 
where it enters the compound. 

All compounds are not resolvable into their constituents by this 
agency, and those which are are not equally so ; some being resolved 
by a very feeble current, while others yield only to one of extreme 
intensity. 

2052. Electrolytes and dectrolysis, — Bodies which are capable 
of being decomposed by an electric current have been called elec- 
trolytes, and decomposition thus produced has been denominated 
electrolysis. 

2053. Liquids alone sfusceptihle of ded/rolysis. — To render eleo- 
trolysis practicable, the molecules of the electrolyte must have a 
perfect freedom of motion amongst each other. The electrolyte must 
therefore be liquid. It may be reduced to this state either by solution 
or fusion. 

2054. Faraday* s electrochemical nomenclature. — It has been 
usual to apply the term poles either to the terminal elements of the 
pile, or to the extremities of the wire or other conductor by which 
the current passes from one end and enters the other. These are 
not always identical with the points at which the current enters and 
leaves an electrolyte. The same current may pass successively 
through several electrolytes, and each will have its point of entrance 
and exit } but it is not considered that the same current shall have 
more than two poles. These and other considerations induced Dr. 
Faraday to propose a nomenclature for the exposition of the pheno- 
mena of electrolysis, which has to some extent obtained acceptation. 

2055. Positive and negative electrodes. — He proposed to call the 
points at which the current enters and departs from the electrolyte, 
electrodes, from the Greek word o6oj (odos), a path or way. He 
proposed further to distinguish the points of entrance and departure 
by the terms Anode and Kathode, from the Greek words oMos 
(anodos)^ the way up^ and xd$o^ (kathodes), the way doion* 

II. 34 
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2056. OnlypartiaMy accepted, — ^Dr. Faraday also gave the name 
IONS to the two constituents into which an electrolyte is resolved by 
the current, from the G-reek word Uav (Ion), going or passing, their 
characteristic property being the tendency to pass to Qie one or the 
other electrode. That which passes to the positive electrode, and 
which therefore moves against Ihe current, he called the Anion; and 
that which passes to the negative electrode and therefore moves with 
the current, he called the EIathion. These terms have not, however, 
obtained acceptation. Neither have the terms ^' Anode" and '^ Ka- 
thode,'' positive and negative electrode, or positive and negative pole, 
being almost universally preferred. 

The constituent of an electrolyte which moves with the current is 
distinguished as the positive element, and that which moves against 
it as the negative element. These terms are derived from the hypo- 
thesis that the constituent which appears at the positive electrode, and 
which moves, or seems to move towards it after decomposition, is 
attracted by it as a ^rticle negatively electrified would be ; while 
that which appears at the negative electrode is attracted to it as would 
be a particle positively electrified. 

2057. Composition of water, — To rendet intelligible the process 
of electrolysis, let us take the example of water, the first substance 
upon which the decomposing power of the pile was observed. Water 
is a binary compound, whose simple constituents are the gases called 
oxygen and hydrogen. Nine grains weight of water conast of eight 
grains of oxygen and one grain of hydrogen. 

The specific gravity of oxygen being sixteen times that of hydrogen 
(Handbook of Hydrostatics, &c., 779), it follows that the volumes 
of these gases which compose water are in the ratio of two to one, 
so that a quantity of water which contains as much oxygen as in the 
gaseous state would have the volume of a cubic inch, contains as 
much hydrogen as would, under the same pressure, have the volume 
of two cubic inches. 

The combination of these gases, so as to convert them into water, 
is determined by passing the electric spark taken from a common 
machine through a mixture of them. If eight parts by weight of 
oxygen and one of hydrogen, or, what is the same, one part by 
measure of oxygen and two of hydrogen, be introduced into the 
same receiver, on passing through them the electric spark an explo- 
sion will take place ; the gases will disappear, and the receiver will 
be fii'st filled with steam, which being condensed, will be presented 
in the form of water. The weight of water contained in the receiver 
will be equal precisely to the sum of the weight of the two gases- 

These being premised, the phenomena attending the electrolysis 
of water may be easily understood. 

2058. Electrolysis of water. — Let a glass tube, closed at one end, 
be filled with water slightly acidulated, and stopping the open end, 
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let it be inTerted and immersed in similarly acidulated water con- 
tained in any open vessel. The column in the tube will be sustained 
there by the atmospheric pressure as the mercurial column is sustained 
in a barometric tube ; but in this case the tube will remain completely 
filled, no vacant place appearing at the top, the height of the 
column being considerably less than that which would balance the 
atmospheric pressure. Let two platina wires be connected with the 
poles of a voltaic pile, and let their extremities, being immersed in 
the vessel containing the tube, be bent so as to be presented upwards 
in the tube without touching each other. Immediately small bubbles 
of gas will be observed to issue from the points of the wires, and to 
rise through the water and collect in the top of the tube, and this 
will continue until the entire tube is filled with gas, by the pressure 
of which the water will be expelled £rom it. K the tube be now 
removed from the vessel, and the gas be transferred to a receiver, so 
arranged that the electric spark may be transmitted through it, on 
such transmission the gas will be reconverted into water. 

The gases, therefore, evolved at the points of the wire, which in 
this case are the electrodes, are the constituents of water; and since 
they cannot combine to form water, except in the definite ratio of 
1 to 2 by measure, they must have been evolved in that exact ratio 
at the electrodes\ 

2059* Explanation of this phenomenon hy the electro-cJiemtcaJ 
hypothesis, — This phenomenon is explained by the supposition that 
the voltaic current exercises forces directed upon each molecule of 
the water, by which the molecules of oxygen are impelled or attracted 
towards tlie positive electrode, and therefore against the current, and 
the molecules of hydrogen towards the negative electrode, and there- 
fore with the current. The electro-chemical hypothesis is adopted 
by different parties in different senses. 

According to some, each molecule of oxygen is invested with an 
atmosphere of negative, and each molecule of hydrogen with an 
atmosphere of positive electricity, which are respectively inseparable 
from them. When these gases are in their free and uncombined state, 
these fluids are neutralized by equal doses of the opposite fluids received 
from some external source, since otherwise they would have all the 
properties of electrified bodies, which they are not observed to have. 
But when they enter into combination, the molecule of oxygen dis- 
misses the dose of positive electricity, and the molecule of hydrogen 
the dose of negative electricity which previously neutralized their 
proper fluids ; and these latter fluids then exercising their mutual 
attraction, cause the two gaseous molecules to coalesce and to form 
a molecule of water. 

When decomposition takes place, a series of opposite effects are 
educed. The molecule of oxygen after decomposition is charged 
with its natural negative, and the molecule of hydrogen wiUi its 
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natural pontive fliud, and these molecules mnet borrow tiom the 
decampoaing agent or some other source the doses of the opposite 
fluids which are necessary to neutralize them. In the present case, 
the molecule of oxygen ia reduced to its natural state by the pomtive 
fluid it receives at the podtive electrode, and the molecule of hydro- 
gen by the negative fluid it receives at the negative eleotrode. 

The electro-chemical hypotbesiB is, however, differently nnderstood 
and differently stated by different scientifio authorities. It ia oon- 
aidered by some that the decomposing forces in the case of the volt&ic 
current are the attractions and repulsions vhich the two opposite 
fluids developed at the electrodes exercise upon the atmospheres of 
electric flnid, which are assumed in this theory to snnonud and to be 
inseparable from the molecules of oxygen and hydrogen which com- 
pose each molecule of water, the resultants of tSese attractions and 
repulsions being two forces, one acting on the oxygen and directed 
towards the positive electrode, and the other acting ou the hydrogen 
and directed towards the negative electrode. Others, with Dr. Far». 
day, deny the existence of these attractions, and regard the electrodes 
as mere paths by which the current enters and leaves the electrolyte, 
and that the effect of the current in passing through the electrolyte 
is to propel the molecnles of oxygen and hydrogen in contrary direc- 
tions, the latter in the direction of the current, and the former in the 
contrary direction ; and that this, combined with the series of decom- 
positions and recompositions imagined by Grotthuss, which ws shall 
presently explsdn, supplies the most satisfactory exposition of the 
phenomena. 

Our limits, however, compel ns to dismiss these specnlatJonB, and 
confine our observations rather to the facts developed by experimental 
research, using, nevertheless, the language derived from the theory 
for tbe purposes of explanation. 

2060. Method of electrolysis icJiich leparaieg the ctmsiiiuenia. — 
The process of electrolysis may be so cooducted that the eonstilnent 
gases shall be developed and collected in separate receivers. 

V The apparatus represented in Jig. 660., con- 

trived by Mitscherlicb, is very convenient f6r the 
exhibition of thb and other electrolytic phe- 
nomena. Two glass tubes o and h, about half an 
inch in diameter,'and 6 or 8 inches in length, are 
closed at the top and open at the bottom, having 
two short lateral tubes projecting from them, 
which are stopped by corks, throngh which pass 
■• two platinum wires which terminate within the 
I tnbes in a small brush of fine platinum wire, 
which may with advantage be surrounded at the 



Pig. 680. uniformly cylindrical and conveniently 



gntdoate^ 
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are filled with acidulated water^ and immersed in a cistern of similarly 
acidulated water g. 

If the external extremities of the platinum wires be connected by 
means of binding screws a and &, or by mercurial cups with wires 
which proceed from the poles of a voltaic arrangement, their internal 
extremities will become electrodes, and electrolysis will commence. 
Oxygen gas will be evolved from the positive, and hydrogen from 
the negative electrode, and these gases will collect in the two tubes, 
the oxygen in the tube o containing the positive, and the hydrogen 
in the tube h containing the negative electrode. The graduated 
scales will indicate the relative measures of the two gases evolved, 
and it will be observed that throughout the process the quantity of 
gas in the tube h is double the quantity in the tube o. If the gases 
be removed from the tubes to other receivers and submitted to 
chemical tests, one will be found to be oxygen and the other 
hydrogen. 

2061. How are the constituents transferred to the electrodes f — ^In 
the apparatus^. 660., the tubes containing the electrodes are repre- 
sented as being near together. The process of electrolysis, however, 
will equally ensue when the cistern ^ is a trough of considerable 
length, the tubes o and h being at its extremities. It appears, there- 
fore, that a considerable extent of liquid may intervene between the 
electrodes without arresting the process of decomposition. The 
question then arises, where does the decomposition take place ? At 
the positive electrode, or at the negative electrode, or at what inter- 
mediate point ? If it take place at the positive electrode, a constant 
current of hydrogen must flow from that point through the liquid to 
the negative electrode ; if at the negative electrode a like current of 
oxygen must flow from that point to the positive electrode ; and if at 
any intermediate point, two currents must flow in contrary directions 
from that point, one of oxygen to the positive, and one of hydrogen 
to the negative electrode. But no trace of the existence of any such 
currents has ever been found. Innumerable expedients have been 
contrived to arrest the one or the other gas in its progress to the 
electrode without success ; and therefore the strongest physical evi- 
dence supports the position that neither of these constituent gases does 
actually exist in the separate state at any part of the electrolyte, 
except at the very electrodes themselves at which they are respectively 
evolved. 

If this be assumed, then it will follow that the molecules of oxygen 
and hydrogen evolved at the two electrodes were not previously the 
component parts of the same molecule of water. The molecule of 
oxygen evolved at the positive electrode must be supplied by a mole- 
cule of water contiguous to that electrode, while the molecule of 
hydrogen simultaneously evolved at the negative electrode must have 
been supplied by another molecule of water contiguous to the latter 

34* 
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electrode. What then becomes of the molecule of hydrogen dismissed 
by the former, and the molecule of oxygen dismissed by the latter f 
Do they coalesce and form a molecule of water ? But such a com- 
bination would again involve the supposition of currents of gas passing 
through the electrolyte, of the existence of which no trace has been 
observed. 

2062. Solution of the hypothesis of Grotthuss. — The only hypo- 
thesis which has been proposed presenting any satisfactory explana- 
tion of the phenomena is that of Grotthuss, in which a series of 
decompositions and recompositions are supposed to take place between 
the electrodes. Let o H, o' h', o" h", &c., represent a series of mole- 
cules of water ranged between the positive electrode p and the 
negative electrode n. 

p. . . O H. . . 0' H' . . . O" H" . . . O'" H'" . . . 0"" H"" . . . N. 

When o H is decomposed and o is detached in a separate state at 
P, the positive fluid inseparable from H, according to the electro- 
chemical hypothesis, being no longer neutralized by an opposite fluid, 
attracts the negative fluid of o', and repels the positive fluid of h', 
and decomposing the molecule of water o' h', the molecule o' coalesces 
with H and forms a molecule of water. In like manner, h' decom- 
poses o" H", and combines with o" ; h" decomposes o'" h"', and 
combines with o'" ; and h'" decomposes o"" h"", and combines with 
o""; and, in fine, h"" is disengaged at the negative electrode N. 
Thus, as the series of decompositions and recompositions proceeds, 
the molecules of oxygen are disengaged at the positive electrode p, 
and those of hydrogen at the negative electrode N. 

In this hypothesis it is further supposed, as already stated, that 
the molecule of oxygen o, disengaged at the positive electrode p, 
receives from that electrode a dose of positive electricity, which being 
equal in quantity to its own proper negative electricity, neutralizes 
it; and, in like manner, the molecule of hydrogen h"", disengaged 
at the negative electrode N, receives from it a corresponding dose of 
negative electricity which neutralizes its own positive electricity. It 
is thus that the two gases, when liberated at the electrodes, are in 
their natural and unelectrified state. 

2063. Effect of acid and salt on the electrolysis of water. — In the 
electrolysis of water as described above, the acid held in solution 
undergoes no change. It produces, nevertheless, an important influ- 
ence on the development of the phenomena. If the electrodes be 
immersed in pure water, decomposition will only be produced when 
the current is one of extraordinary intensity. But if a quantity of 
sulphuric acid even so inconsiderable as one per cent, be present, a 
current of much less intensity will effect the electrolysis ; and by 
increasing the proportion of acid gradually from one to ten or fifteen 



ELECTRO-CHEMISTRY. 403 

per cent.; the decomposition will require a less and less intense 
current. 

It appears^ therefore^ that the acid without being itself affected by 
the current; renders the water more susceptible of decomposition. It 
seems to lessen the affinity which binds the molecules of oxygen and 
hydrogen^ of which each molecule of water consists. 

Various other acids and salts soluble in water produce the same 
effect. 

The electrolyte, properly speaking; is therefore in these cases the 
water alone. The bath in which the electrodes are immersed; and 
in which the phenomena of the electrolysis are developed; may con- 
tain various substances in solution; but so long as these are not 
directly affected by the current; they must not be considered as form- 
ing any part of the electrolyte; although they not only influence the 
phenomena as above stated, but are also involved in important 
secondary phenomena; as will presently appear. 

Cases in which the matter of the electrodes combines tcith the con^ 
stituents of the electrolyte, — The process of the electrolysis of water 
has been presented here in its most simple form; no other effect save 
the mere decomposition of the electrolyte being educed. If, how- 
ever; the platinum electrodes which have no sensible affinity for the 
constituents of water be replaced by electrodes composed of any metal 
having a stronger affinity for oxygeU; other phenomena will be devel- 
oped. The oxygen dismissed by the water at the positive electrode; 
instead of being liberated; will immediately enter into combination 
with the metal of the electrode; forming an oxide of that metal. 
This oxide may adhere to the electrode; forming a crust upon it. In 
that casC; if the oxide be a conductor, it will itself become the elec- 
trode. If it be not a conductor it will impede and finally arrest the 
course of the current, and put an end to the electrolysis. If it be 
soluble in water it will disappear from the electrode as fast as it is 
formed, being dissolved by the water; and in that case the water 
will become a solution of the oxide, the strength of which will be 
gradually increased as the process is continued. 

If the water composing the bath hold an acid in solution, for which 
the oxide thus formed at the positive electrode has an affinity, the 
oxide will enter into combination with the acid^ and will form a salt 
which will either be dissolved or precipitated, according as it is soluble 
or not in the bath. 

While the oxygen disengaged from the water at the positive elec- 
trode undergoes these various combinations; the hydrogen is fre- 
quently liberated in the free state at the negative electrode, and may 
be collected and measured. In such case it will always be found 
that the quantity of the hydrogen developed at the negative elec- 
trode is the exact equivalent of the oxygen which has entered into 
combination with the metal at the positive electrode, and also that 
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the qaantity of the metal oxidated is exactly that which corresponds 
with the quantities of the two gases which are disengaged^ and with 
the quantity of water which is decomposed. 

2064. Secondary action of the hydrogen at the negative electrode, 
— ^In some cases the hydrogen is not developed in the form of gas 
at the negative electrode, hut in its place the pure metal which is 
the hase of the oxide dissolved in the bath, is deposited there. la 
such cases the phenomena become more complicated, but neverthe- 
less sufficiently evident. The hydrogen developed at the negative 
electrode^ instead of being disengaged in the free state, attracts the 
oxygen from the oxide, and combining with it forms water, liberat- 
ing at the same time the metallic base of the oxide which is depo- 
sited on the negative electrode. 

Thus there is in such cases both a decomposition and a reoompo- 
sition of water. It is decomposed at the one electrode to produce 
the oxide, and recomposed at the other electrode to reduce or deoom- 
pose the same oxide. 

2065. It& action on bodies dissolved in the hath, — This effect of 
the hydrogen developed at the negative electrode is not limited to 
the oxide or salt produced by the action of the positive electrode. 
It will equally apply to any metallic oxide or salt which may be dis- 
solved in the bath. Thus, while the oxygen may be disengaged in 
a free state and collected in the gaseous form over the positive elec- 
trode, the hydrogen developed at the negative electrode may reduce 
and decompose any metallic salt or oxide which may have been pre- 
viously dissolved in the bath. 

2066. Example of zinc and platinum electrodes in water, — ^To 
render this more clear, let it be supposed that while the negative 
electrode is still platinum, the positive electrode is a plate of zinc, 
a metal eminently susceptible of oxidation. In this case no gas will ap- 
pear at the zinc, but the protoxide of that metal will be formed. This 
substance being insoluble in w-ater will adhere to the electrode if the 
bath contain pure water ; but if it be acidulated, with sulphuric acid 
for example, the protoxide so soon as it is formed will combine with 
the sulphuric acid, producing the salt called the sulphate of zinc, or 
more strictly the sulphate of the oxide of zinc. This being soluble, 
will be dissolved in the bath. 

2067. Secondary effects of the current — ^In all these cases the 
primary and, strictly speaking, the only effect of the current is the 
decomposition of water, and the only substances affected by the elec- 
tric agency are the constituents, oxygen and hydrogen, of the water 
decomposed. All the other phenomena are secondary and subsequent 
to the electrolysis, and depend not on the current but on the affini- 
ties of the electrodes and of the substances held in solution by the 
electrolyte for the constituents of the electrolyte and for each other. 
The phenomena, l^owever, though successive as regards the physical 
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agencies which produce them^ are practically simultaneous in their 
manifestation^ and are often so complicated and interlaced in their 
mutual relations and dependencies, that it is extremely difficult to 
discorer a clear and certain analysis of them. 

2068. Compounds which are susceptible of electiH)lysis, — The elec- 
trolysis of water is, in all its circumstances and conditions; a type 
and example of the phenomena attending the decomposition of other 
compounds by the same agency. 

Compounds are susceptible of electrolysis or not, according to the 
nature, properties, and proportion of their constituents. 

It has been ascertained by direct experiment . that most of the 
simple bodies are capable of being disengaged from compounds of 
which they may be constituents by electrolysis, and analogy renders 
it probable that all of them have this property. Those which have 
not yet been ascertained to be capable of elimination by this agency, 
include nitrogen, carbon, phosphorus, boron, silicon, and aluminium. 
The difficulty of obtaining these substances in compounds of a form 
adapted to electrolysis, has alone rendered them exceptions to the 
otherwise universally ascertained law. 

2069. Electrolytic classification of the simple bodies. — Attempts 
have been made to classify bodies according to the tendencies they 
manifest to pass to the one or the other electrode in the process of 
electrolytic decomposition, those which evince the strongest tendency 
to go to the positive electrode being considered in the highest de-^ 
gree electro-negative, and those which show the strongest tendency 
to go to the negative electrode in the highest degree electro-positive. 
Although experimental research has not yet supplied very extensive 
or accurate data for such a classification, the following proposed by 
Berzelius will be found useful as indicating in a general manner the 
electrical characters of a large number of simple bodies, subject, how- 
ever, to such corrections and modifications as further experiment and 
observation may suggest. 

2070. I. Electro-negative bodies. 

1. Oxygen. 8. Selenium. 15. Antimony. 

2. Sulphur. 9. Arsenic. 16. Tellurium. 

3. Nitrogen. 10. Chromium. 17. Columbium. 

4. Chlorine. 11. Molydenum. 18. Titanium. 

5. Iodine. 12. Tungsten. 19. Silicon. 

6. Fluorine. 13. Boron. 20. Osmium. 

7. Phosphorus. 14. Carbon. 21. Hydrogen, 

2071. II. Electro-positive bodies. 

1. Potassium. 7. Magnesium. 13. Zinc. 

2. Sodium. 8. Glucinium. 14. Cadmium. 

3. Lithium. 9. Yttrium. 15. Iron. 

4. Barium. 10. Aluminium. 16. NickeL 
6. Strontium. 11. Zirconium. 17. Cobalt. 
6. Calcium. 12. Manganese. 18. Cerium. 
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19. Lead. 23. Copper. 2f7. Platiiiiim. 

20. Tin. 24. Silver. 28. Rhodium. 

21. BiBmuth. 25. Mercury. 29. Iridium. 

22. Uranium. 26. Palladium. 80. Gold. 

All the bodies aaxned in the first series are supposed to be negative 
with relation to those in the Becond. Each of the bodies in the Brst 
series is negative; and each of the bodies in the second positive^ with 
relation to those which follow. 

The meaning is, that if an electrolyte composed of any two of the 
bodies in the first list be submitted to the action of the current, that 
which stands first in the list will go to the positive electrode ; if an 
electrolyte composed of any body in the first and another in the 
second list be electrolyzed, the former will go to the positive elecv 
trode } and, in fine, if an electrolyte composed of any two of tbe 
bodies named in the second list be electrolyzed, the first named will 
go to the negative electrode. 

It has been objected that sulphur and nitrogen occupy too high a 
place in the negative series, these bodies being less negative Sian 
chlorine and fluorine, and that hydrogen ought rather to be placed in 
the positive series. 

2072. The order of the series not certaSnty determiiied, — It must 
be observed that the order of the simple bodies in these series has 
not been determined in all cases by the direct observation of the 
phenomena of the electrolysis. It has been in many cases only in- 
ferred from the analogies suggested by their chemical relations. 

2073. Electrolytee which have amipound constituents. — When the 
constituents of an .electrolyte are compound bodies, the decomposition 
proceeds in the same manner as with those binary compounds whose 
constituents are simple. Most of the salts which have been submit- 
ted to experiment prove to be electrolytes, the acid constituent appear- 
ing at the positive, and the base at the negative electrode. Acids 
are therefore in general regarded as electro-negative bodies analogous 
to oxygen, and alkalies and oxides electro-positive bodies analogous 
to hydrogen. 

2074. According to Faraday ^ electrolytes whose constituents are 
simple can only he combined in a single proportion. — ^It appears to 
result from the researches of Faraday, that two simple bodies cannot 
combine in more than one proportion so as to form an electrolyte. 

When hydrochloric acid, whose constituents are chlorine and 
hydrogen, is submitted to the current, electrolysis ensues, the chlo- 
rine appearing at the positive and the hydrogen at the negative 
electrode. 

The protochlorides of the metals composed of the metallic base 
and one equivalent of chlorine are also easily electrolyiied, the chlo- 
rine always appearing at the positive electrode ; but the perchlorides 
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of the same metsls which contain two or more equivalents of chlo- 
rine are not susceptible of electroljzation. 

In general; compounds which consist of two simple elements are 
only electrolyzable when their constttnents are single equivalents. 
Hence sulphuric acid which has three, and nitric acid which has 
five equivalents oi oxygen^ are neither of them susceptible of electro- 
lyzation. 

2076. Apparent exceptions explained hy secondary action. ^- In 
the investigation of the chemical phenomena which attend the trans- 
mission of the current through liquid compounds, results will be 
occasionally observed which will at first seem incompatible with this 
law. But in these cases the phenomena are invariably the conse- 
quences, not of electrolysis, but of secondary action. Thus, nitric 
acid submitted to the current is decomposed, losing one equivalent 
of its oxygen, and reduced to hyponitric acid. In this case the real 
electrolyte is the water, which always exists in more or less quantity 
in the acid. This water being decomposed, the oxygen is delivered 
at the positive electrode, and the hydrogen developed at the negative 
electrode attracts from the nitric acid one equivalent of its oxygen^ 
with which it combines and forms water, reducing the nitric to hypo- 
nitric add. 

Ammonia, which consists of one equivalent of nitrogen and three 
of hydrogen, is not properly an electrolyte, though in solution it is 
decomposed by the secondary action of the current. In this case^ 
as in the former, the real electrolyte is the water in which the am- 
monia is dissolved. Nitrogen and not oxygen is disengaged at the 
positive electrode. The oxygen, which is the primary result of the 
electrolysis of the water, attracts the hydrogen of the ammonia, with 
which it reproduces water and liberates the nitrogen. 

2076. Secondary effects favoured hy the nascent state of the con- 
stituents: results of the researches of Becquerel and Orosse. — It is a 
general law in chemistry that substances in the nascent state, that is^ 
when just disengaged from compounds with which they have been 
united, are in a condition most ^vourable for entering into other 
combinations. This explains the great facility with which the con- 
stituents of electrolytes combine with the electrodes where even a 
feeble affinity prevails, and also the various secondary effects. When 
oxygen is evolved against copper, iron, or zinc, chlorine againgt gold, 
or sulphur against silver at the electrode, oxides of copper, iron, or 
zinc, chloride of gold, or sulphuret of silver are readily formed. If 
the current producing these changes be of very feeble intensity, so 
that the new compounds are very slowly formed, so slowly as more 
to resemble growth than strong chemical action, they will assume 
the crystalline structure. In this manner Becquerel and Crosse 
have succeeded in obtaining artificially mineral crystals, and exhibit- 
ing on a small scale effects similar to those which are in progress on 
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a scale so vast in the mineral veins which pervade the crost of the 
globe, and which, doubtless, result from feeble electric currents 
established for countless centuries in this strata by the vicissitudes of 
temperature and other physical causes. 

2077. The sttccessive (icHon of the same current on different vessds 
o/ water. — If the same current be conducted successively through a 
series of vessels containing acidulated water, by connecting the water 
in each vessel with the water in the succeeding vessel by platinum 
wires i, i', i", i'", &o., as represented in Jig, 661., the current will 

^-n r — ^j — ^j — nj — nr— 

^H ^Bl ^^ ^^ ^E^ 

oh oh oh oh o A 

Fig. 661. 

enter each vessel at the extremity o, and will depart from it at the 
extremity A. The water in each vessel will in this case constitute a 
separate electrolyte, and will be decomposed by the current. The 
ends o will be aJl positive, and the ends h all negative electrodes. 
Oxygen will be disengaged at all the ends o, and hydrogen at all the 
ends h ; and if the gases disengaged be collected, the same quantity 
of oxygen will be found to be disengaged at the ends o, and the same 
quantity of hydrogen at the ends h, the volume of the latter being 
double that of the former. The weight of the oxygen produced will 
be eight times that of the hydrogen, and the weight of the water 
decomposed will be nine times that of the hydrogen. 

2078. The same current has an uniform electrolytic potoer. — 
Since it is ascertained by rheometric instruments that the same 
current has everywhere the same intensity, it follows that this 
constant intensity is attended with an electrolytic power of corre^ 
spending uniformity. From this and other similar results it is 
inferred that the quantity of electricity which passes in a current is 
proportional to the quantity of a given electrolyte which the current 
decomposes. 

2079. Voltam,eter of Faraday, — On this ground Faraday gave 
the name of voltameter to an apparatus similar in principle to 
that described in (2060.), taking water as the standard electroljrte 
by which the quantity of electricity necessary to eflfect the decom- 
position of any other electrolytes might be measured. Thus, if it is 
found that a current which decomposes in a given time an ounce of 
water, will in the same time decompose two ounces of one electro- 
lyte (a), and three ounces of another electrolyte (b), it is inferred 
that the quantity of electricity necessary to decompose a given weight 
of A is half that which would decompose an equal weight of water, 
and that the quantity necessary to decompose a given weight of b is 
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a third of that which would decompose the same weight of water, and, 
in fine, that the quantities of electricity necessary to decompose equal 
weights of A and B are in the ratio of 3 to 2. 

2080. Effect of the same current on different electrclytes — Fara- 
day^ s law, — If the series of vessels represented in fig. 661., con- 
nected by metallic conductors I, i', &ci, instead of containing water, 
contain a series of different electrolytes, each electrolyte will be 
decomposed exactly as it would be if it were the only electrolyte 
through which the current passed. Let us suppose that the first 
vessel of the series which the current enters from p contains water, 
and that means are provided by which the quantities of oxygen and 
hydrogen liberated at o and h shall be indicated, and that in like 
manner the quantities of the constituents of each of the other electro- 
lytes disengaged at the respective electrodes can be determined. It 
will then be found that for every gr^in weight of hydrogen liberated 
in the first-vessel, the number of grains weight of each of the consti- 
tuents of the several eleolarolytes disengaged will be expressed by 
their respective chemical equivalents. 

Thus, if c, e', e", c'", &c., be the chemical equivalents of the seve- 
ral constituents of the series of electrolytes, that of hydrogen being 
the unit, and if h express the number of grains weight of hydrogen 
evolved in the voltameter tube over the first vessel in a given time, 
then the number of grains weight of each of the constituents of the 
several electrolytes which shall be evolved in the same time will be 

exhj e' X A, e" X A, e"' X A, .&c., &c. 

2081. It comprises secondary results. — This remarkable law 
extends not only to the direct results of electrolysis, but also to all 
the secondary effects of the current. Thus, it applies to the quan- 
tities of the several metallic electrodes which combine with the con- 
stituents which are the immediate results of the electrolysis, and also 
to all combinations and decompositions which result from the affinities 
which may exist between the results primary or secondary of the 
electrolysis and any foreign substances which the electrolyte may 
Hold in solution. 

2082. Practical example of its application. — As a practical 
example of the application of this electro-chemical law, let us sup- 
pose the first vessel which the current enters at p to contain water, 
the next iodide of potassium, the succeeding one protochloride of 
tin, the next hydrochloric acid, and the last sulphate of soda. The 
current will severally decompose these, the oxygen,- iodine, chlorine 
and acid appearing at the five positive electrodes, and the hydrogen, 
potassium, tin and soda at the five negative electrodes. If the elec- 
trode against which the oxygen is evolved be zinc, the oxide of zinc 
will result as a secondary product ; and if the electrode against which 
the chlorine is evolved be gold, the chloride of that metal will like- 

II. 35 
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wise be produced by secondary action. The chemical equivalents of 
the several substances involved in this process are as follows : — 

Hydrogen 1*00 

Oxygen 800 

Water .*. 900 

Iodine : ,126-30 

Potassium 39-26 

Iodide of potassiam 165*56 

Chlorine 35-47 

Tin 57-90 

Protochloride of tin 93-37 

Hydrochloric acid 36*47 

Sulphuric acid 40-10 

Soda 31-30 

Sulphate of soda 71-40 

Zinc 32-30 

Gold 199-20 

Oxide of zinc :. 40-30 

Chloride of gold 234.67 

It will follow, therefore, from the general electrolytic law above 
stated, that for every grain of hydrogen evolved at the negative 
electrode in the first vessel, the following will be the quantities of the 
chemical results produced in the several vessels : — 

I. Oxygen evolved at positive electrode 8-00 

Water decomposed 9-00 

Zinc oxidated 32*30 

Oxide of zinc produced 40*30 

IL Iodine evolved at the positive electrode 126-30 

Potassium evolved at the negative electrode 39*26 

Iodide decomposed , 165-56 

III. Chlorine evolved at the positive electrode 35*47 

Tin evolved at the negative electrode 57*90 

Gold combined at positive electrode 199*20 

Chloride of gold produced 234*67 

Protochloride of tin decomposed 93*37 

IV. Chlorine evolved at positive electrode 35*47 

Hydrogen evolved at negative electrode.. .~ 1*00 

Hydrochloric acid decomposed , 36-47 • 

V. Sulphuric acid evolved at positive electrode 40-10 

Soda evolved at negative electrode 31-30 

Sulphate decomposed 71*40 

2083. Sir H, Davi/s eocperiments showing the transfer of the 
constituents of electrolytes through intermediate solutions. — If the 
series of vessels containing different electrolytes be connected by 
liquid conductors by means of capillary siphons, instead of the 
metallic conductors by which they are supposed to be connected in 
the cases just described, phenomena are produced, respecting which 
a remarkable discordance has arisen between the highest scientific 
authorities. 

From some of the early experiments of Sir H. Davy, confirmed 
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by those of Gautherot, Hesinger, and Berzelius^ it appeared that the 
voltaic current was not only capable of decomposing various classes 
of chemical compounds, but of transferring or decanting their con- 
stituents successively through two or more vessels, to bring them to 
the respective electrodes at which they are liberated. Davy pushed 
this inquiry to its extreme limits, and by various experiments, char- 
acterised by all that address for which he was so remarkable, arrived 
at certain general results which we shall now briefly state. 
Let a series of cups 
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be connected by capillary siphons, which may bo conveniently formed 
of the fibres of asbestos or amianthus. Let any electrolyte, a solu- 
tion of a neutral salt for example, be placed in c, and let the other 
cups be filled with distilled water. Let a plate of platinum connected 
with the positive pole of a voltaic battery be immersed in the cup a, 
an(^a similar plate connected with the negative pole be immersed in 
E. The voltaic current will then enter the series of cups at A, and 
passing successively from cup to cup through the siphons, will issue 
from them at £, as indicated by the arrows. Let the water in the 
cups A, B, D and E be tinged by the juice of red cabbage, the property 
of which is to be rendered red by the presence of an add^ and green 
by that of an alkali. 

The current thus established will, according to Sir H. Davy, de- 
compose the salt in the cup c. The acid will be transported through 
the two siphons, and the water in b to the positive electrode in A, 
where it will be ^liberated, and will enter into solution with the tinged 
water. At the same time the alkali will pass through the two 
siphons, and the cup D to the negative electrode, and will enter into 
solution with the water in E. 

The presence of the acid in A and of the alkali in E will be 
rendered manifest by the red colour imparted to the contents of the 
former, and the green to the latter. 

2083*. While being transferred they are deprived of their chemical 
property, — Although to arrive at A and E respectively, the acid must 
pass through B and the alkali through D, their presence in these 
intermediate cups is not manifested by any change of colour. It was 
therefore inferred by Sir H. Davy, that so long as the constituents 
of the salt are under the immediate influence of the current, they 
lose their usual properties, and only recover them when dismissed at 
the electrodes by which they have been respectively attracted. 

If the direction of the current be reversed, so that it shall enter 
at E and issue from A, the constituents of the salt will be transported 
back to the opposite ends of the series, the acid which had been 
deposited in A; will be transferred successively through the cups b, o, 
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D, and the intermediate sipHons to the cup e^ and tbe alkali in the 
contrary direction from £ through D, c, B, and the siphons to A- 
This will be manifested by the changes of colour of the infusions. 
The liquid in A which had been reddened by the acid, will first 
recover its original color, and then become green according as the 
ratio of the acid to the alkali in it is diminished ; and in like man- 
ner the infusion in E, which had been rendered green by the alkali, 
will gradually recover its primitive colour, and then become red as 
the proportion of the acid to the alkali in it is augmented. 

During these processes no change of colour will be observed in the 
intermediate cups B and D. 

The intermediate cups b and D being filled with various chemical 
solutions for which the constituents of the salt had strong affinities, 
and with which under any ordinary circumstances they would imme- 
diately enter into combination, these constituents nevertheless inva- 
riably passed through the intermediate vessels without producing any 
discoverable effect upon their contents. Thus, sulphuric acid passed 
in this manner through solutions of ammonia, lime, potash, and soda, 
without affecting them. In like manner hydrochloric and nitric acids, 
passed through concentrated alkaline menstrua without any chemical 
effect. In a word, acids and alkalies having the strongest mutual 
affinities, were thus reciprocally made to pass each through the other 
without manifesting any tendency to combination. 

2084. Exertion in the case of prodvxying iiisolvMe compounds. — 
Strontia and baryta passed in the same way through muriatic and 
nitric acids, and reciprocally these acids passed with equal facility 
through solutions of strontia and baryta. But an exception was 
encountered when it was attempted to transmit strontia or baryta 
through a solution of sulphuric acid, or vice versd. In this case the 
alkali was arrested in transitu by the acid, or the acid by the alkali, 
and the salt resulting from their combination was precipitated in the 
intermediate cup. 

The exception therefore generalised included those cases in which 
bodies wejre attempted to be transmitted through menstrua for which 
they have an affinity, and with which they would form an insoluble 
compound. 

2085. This transfer denied hy Faraday. — This transmission of 
chemical substances through solutions with which they have affinities 
by the voltaic current, those affinities being rendered dormant by the 
influence of the current which appeared to be established by the re- 
searches of Davy, published in 1807, and since that period received 
by the whole scientific world as an established principle, has lately 
been affirmed by Dr. Faraday to be founded in error. According to 
Faraday no such transfer of the constituents of a body decomposed 
by the current can or does take place. He maintains that in all 
cases of electrolyzation it is an absolutely indispensable condition 
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that there be a continuous and unbroken series of particles of the 
electrolyte between the two electrodes at which its constituents are 
disengaged. Thus, when water is decomposed, there must be a con- 
tinuous line of water between the positive electrode at which the 
oxygen is developed and the negative electrode at which the hydro- 
gen is disengaged. In like manner^ when the sulphate of soda or 
any other salt is decomposed, there must be a continuous line of 
particles of the salt between the positive electrode at which the acid 
appears and the negative electrode at which the alkali is deposited. 

Dr. Faraday affirms, that in Davy's celebrated experiments, in 
which the acid and alkaline constituents of the salt appear to be 
drawn through intermediate cups containing pure water or solutions 
of substances foreign to the salt, the decomposition and apparent 
transfer of the constituents of the salt could not have commenced 
until, by capillary attraction, a portion of the salt had passed over 
through the siphons, so that a continuous line of saline particles was 
established between the electrodes. Dr. Faraday admits such a 
transfer of the constituents as may be explained by the series of 
decompositions and recompositions involved in the hypothesis of 
Grotthuss. 

2086. Apparent transfer explained hy Mm on GrotCknsi hyp<h 
thesis, — It is also admitted by Dr. Faraday, that when pure water 
intervenes between the metallic conductors proceeding from the pile 
and the electrolyte, decomposition may ensue, but he considers that 
in this case the true electrodes are not the extremities of the metallic 
conductors, but the points where the pure water ends and the elec- 
trolyte begins, and that accordingly in such cases the constituents of 
the electrolyte will be disengaged, not at the surfaces of the metallic 
conductors, but at the common surfaces of the water and the elec- 
trolyte. As an example of this he produces the following experi- 
ment. Let a solution of the sulphate of magnesia be covered with 
pure water, care being taken to avoid all admixture of the water 
with the saline solution. Let a plate of platinum proceeding from 
the negative pole of a battery be immersed in the water at some dis- 
tance from the surface of the solution on which the water rests, and 
at the same time let the solution be put in metallic communication 
with the positive pole of the battery. The decomposition of the sul- 
phate will speedily commence, but the magnesia, instead of being 
deposited on the platinum plate immersed in the water, will appear 
at the common surface of the water and the solution. The water, 
therefore, and not the platinum, is in this case the negative elec- 
trode. 

2087. Faraday thinks that conduction and decomposition are 
closely related. — Dr. Faraday maintains that the connection between 
conduction and decomposition, so far as relates to liquids which are 
not metallic, is so constant that decomposition may be regarded as 

35* 
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the chief means by wbich the electric current is transmitted through 
liquid compounds. Nevertheless, he admits, that when the intensity 
of a current is too feeble to effect decomposition, a quantity of elec- 
tricity is transmitted sufficient to affect the rheoscope. 

In accordance with those principles, Faraday affirms that water 

which conducts the electric current in its liquid state, ceases to do 

f so when it is congealed, and then it also resists decomposition, and 

in fine ceases to be an electrolyte. He holds that the same is true 

of all electrolytes. 

2088. Maintains that non-^metallic liquids only conduct when 
capable of decomposition hy the cfurrent, — The connection between 
decomposition and conduction is further manifested, according to 
Dr. Faraday, by the fact that liquids which do not admit of electro- 
chemical decomposition, do not give passage to the voltaic enrrent. 
In short, that electrolytes are the only liquid non-metallic conductors. 

2089. Faraday* s doctrine, not universally accepted — J^ouille^s 
observations, — These' views of Dr. Faraday have not yet obtained 
general acceptation ; nor have the discoveries of Davy of the transfer 
and decantation of the constituents of electrolytes through solutions 
foreign to them, been yet admitted to be overthrown. Peschel and 
other German authorities in full possession of Faraday's views and 
the results of his experimental researches, still continue to reproduce 
Davy's experiments, and to refer to their results and consequences 
as established facts. Pouillet, writing in 1847, and also in posses- 
sion of Faraday's researches, which he largely quotes, maintains 
nevertheless the transport of the constituents under conditions more 
extraordinary still, and more incompatible with Faraday's doctrine 
than any imagined by Davy. In electro-chemical decomposition he 
says, — "There is at once separation and transport. Numberless 
attempts have been made to seize the molecule of water which is 
decomposed, or to arrest en route the atoms of the constituent gases 
before their arrival at the electrodes, but without success. For 
example, if two cups of water, one containing the positive and the 
other the negative wire of a battery, be connected by any conductor, 
singular phenomena will be observed. If the intermediate conductor 
be metallic, decomposition will take place independently in both 
cups" (as already described), " but if the intermediate conductor be 
the human body, as when a person dips a finger of one hand into the 

*'' water in one cup, and a finger of the other hand into the other, the 
decomposition will sometimes proceed as in the case of a metallic 
connection ; but more generally oxygen will be disengaged at the 

' wire which enters the positive cup, and hydrogen at the wire which 
enters the negative cup, no gases appearing at the fingers immersed 
in the one and the other. It would thus appear that one or other 
of the constituent gases must pass through the body of the operator 
in order to arrive at the pole at which it is disengaged. And even 
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when the two enpa are conneuted by a piece of ice, tie decomposition 
proceeds in the same manner, one or other gaa Sppearing to pass 
through the ice, bihco they are diaengaged at the poles in the Bopa- 
rate cnps in the same manner."* 

2090. Bav^s experiments repealed and confirmed hf BecquereJ, 
The esperimenta of DavT, in which the transfer of the constitu- 
ents of an electrolyte through water and through aolutiona for which 
these constituents have affinities, was demonstrated, have been re- 
peated by Becqnercl, who has obtained the same results. The capil- 
lary siphons used by Becqnerel were glass tabes filled with moistened 
clay. He also found that the case in which the constituent trans- 
ferred would form an insoluble compound with the matter forming 
the intermediate solntion, forma an exception to this principle of 
transfer; hnt he observed that this only happens when the intensity 
of the current is insufficient to decompose the compound thus formed 
in the intermediate solution.f 

2091. The ekclrodes proved to exercise different electrolytic povyert 
by Pouillet — The question whether the decomposing agency resides 
altogether at one or at the other electrode, or is shared between them, 
hasheen rcccntiy investigated by M. Pouillet. 

Let three tubes of glass having the form of the lettpr U, fig. 662., 
be prepared, each of the veritcal arms 
being about five inches long, and half 
an inch in diameter. Let the curved 
part of the tubes connecting the legs 
have a diameter of about the twen- 
tieth of an inch when the solutions 
used are good conductorSj hut the 
same diameter as the tubes themselves 
when the conducting power is more 
imperfect. In this latter case, how- 
ever, the results are less exact and 
satisfactory. 
Fig, 662. Let platinum wnes E and E* pro- 

ceeding from the poles of a voltaic 
battery be plunged in the first and last tubes, and let the interme- 
diate tubes be connected by similar wires 1 1" and i'' ill"'. Let acida- 
lated water be poured into the tube E I, and the solutions on which 
q the relative effects of the two electrodes are to he examined, into the 
other tubes 1 1" and i*" e'. After the electrolysis has been continued 
for a certain time, the quantity of the solution decomposed in each 
leg may he ascertained by submitting the contents of each leg to 
analysis. The quantity remaining undecomposed being thus ascer- 
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tained and subtracted from the original quantity, the remainder will 
be the quantity decomposed, since the fluids are prevented from inter- 
mixing to any sensible extent by the smallness of the connecting tuhOf 
and by being nearly at the same level during the process. It may be 
assumed that the decomposing agencies of the two electrodes will be 
proportional to the quantities of the solutions decomposed in the legs 
in which they are respectively immersed. 

2092. Case in which the negative electrode alone acts. — The 
current being first transmitted through a voltameter to indicate the 
actual quantity of electricity transmitted, the tubes E i, i' f and 
i'" e' were filled, the first with a solution of the chloride of gold, the 
next with the chloride of copper, and the third with the chloride of 
zinc. After the lapse of a certain interval the contents of the tubes 
were severally examined, and it was found that the solutions in legs 
in which the positive electrodes were immersed had suffered no de- 
composition. The quantities of the chlorides contained in them 
respectively were undiminished, while the chloride in each of the 
l^gs containing the negative electrodes was diminished by exactly the 
quantity corresponding to the metal deposited in the negative wire, 
and the chlorine transferred to the positive leg. 

It was therefore inferred that in these cases the entire decom- 
posing agency must be ascribed to the negative electrode. 

The same results were obtained for the other metallic chlorides. 

2093. Cases in which the electrodes act unequally. — The alkaline 
chlorides showed somewhat different properties. In the case of the 
chloride of magnesium the agency of the negative was found to be 
greater than that of the positive electrode, but it was not exclusively 
efficacious. In the cases of the chlorides of potassium, sodium, bari- 
um, &c., the agency of the positive electrode was found to be greater 
than the negative in the ratio of about three to one. 

2094. Liquid electrodes — Series of electrolytes in immediate 
contact. — In general, the electrodes by which the current enters and 
departs from an electrolyte, are solid and most frequently metallic 
conductors. In an experiment already cited (2086), Faraday has 
phown that water may become an electrode, and Pouillet in some 
recent experiments has succeeded in generalising this result, and 
has shown not only that the current may be transmitted to and 
received from an electrolyte by liquid conductors, but that a series 
of different electrolytes may become mutual electrodes, the current 
passing immediately from one to the other without any intermediate 
conductor, solid or liquid, and that each of them shall be electrolysed. 
Thus suppose that the series of electrolytes are expressed by 
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the cnrrent as indicated by the arrows entering a, and departing 
ftom D, and being supposed to have sufficient intensity to effect the 
electrolysis of all the solutions. Let the electro-negatiTe constituents 
be expressed by a, h, c, d, and the electro-positive by a', V, c", d'. 
It is evident that the points at which any two succeeding solutions 
touch, will be at the same time the negative electrode of the first, 
and the positive electrode of the second, and that, consequently, the 
positive constituent of the first and the negative constituent of the 
second will be disengaged at this point, and being in the nascent 
state will be under the most favourable coBditions to combine iu 
virtue of their affinities, and so to form new compounds as secondary 
efiects. Thus, the common surface of a and b will he the negative 
electrode of a, and the positive electrode of b, because it is at this 
BUriace that the cnrrent departs from A and enters B, and accordingly 
the electrotpositive constituent al of A, and the electro-negative con- 
stituent h of B, will be developed at this common surface, and if they 
have affinity, will enter into combination. 

2095. Ex^erimentalillvsiralion, of this. — These principles may 
be esperimentally iQustrated and verified by placing the etectrolytio 
solutions in U-sliaped tubes T, t', t", 
, as represented in fig. 663. Let two 
electrolytic solutions A and s be in- 
troduced into the first tube t, eo 
carefully as to prevent them from 
> intennising, and let their common 
surface be at o. In like manner let 
the solutions b and c he introduced 
into the tube t', and the solutions 
and D into the tube t", their common 
surfaces being at o' and o'. Let the 
legs of the tubes t and t', which 
Pig. 663. contain the solution B, be connected 

by a glass siphon containing the sams 
solution, and the legs of the tubes t" and t", containing the solution 
c, be similarly connected. Let the positive wire of a battery be im- 
mersed in A, and the ueEative wire in d, the current being sufficientiy 
intense to electrolyse all the solutions.* 

In this case o will be the positive electrode of b, and the nega- 
tive eleclrode of A, o' the positive electrode of c, and the negative 
electrode of b, and o" the positive electrode of D, and the negative 
electrode of c. 

■* This ia not the eiperimontal anangement adopted by M. Pouiliet. It 
hna oceorred to me, as a method of eiliibiting his priuciple under a more 
genenil form and somewhat more'clearly nnd satisfactorily tlian his appa- 
ratus, io nhioh the eiplione s, a' ha^e no place. 
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If ▲ be pure water, b the chloride of zinc, the water being decom- 
posed, oxygen will be disengaged at the positive wire, and hydrogen 
at the common surface o. The chloride being also decomposed^ the 
chlorine, its electro-negative constituent, will be disengaged at o, 
where it will enter into combination with the hydrogen^ and form * 
hydrochloric acid, the presence of which may be ascertained by the 
usual tests. The oxide of zinc, the electro-positive constituent of b, 
will be disengaged at o\ and will form a compound with the electro- 
negative constituent of c, and so on. 

2096. Electrolysis of the alkalies and earths, — The decomposing 
power of the voltaic current had not long been known before it be- 
came, in the hands of Sir H. Davy and his successors, the means of 
resolving the alkalies and earths, before that time considered as simple 
bodies, into their constituents. This class of bodies was shown to be 
oxidised metals. When submitted to such conditions as enabled a 
strong voltaic current to pass through them, oxygen was liberated at 
the positive electrode, and the metallic base appeared at the negative 
electrode. 

2097. The series of new metals. — A new series of metals was 
thus discovered, which received names derived from those of the 
alkalies and earths of which they formed the bases. • Thus, the metallic 
base of potash was called potassium, that of soda, sodium^ that of 
lime, CALCIUM, that of silica, silicium, and so on. 

In many cases it is difficult to maintain those metals in their sim- 
ple state, owing to their strong affinity for oxygen. Thus potassium, 
if exposed to the atmosphere at common temperatures^ enters directly 
into combination with the air, and bums. When it is desired to 
collect and preserve it in the metallic state it is decomposed by the 
current in contact with mercury, with which it enters into combina- 
tion, forming an amalgam. It is afterwards separated by distillation 
from the mercury, and preserved in the metallic state under the oil 
of naphtha, in a glass tube hermetically closed,. the air being pre- 
viously expelled. 

2098. Schoenhein*s experiments on the passivity of iron, — Among 
the effects of the voltaic current which have been not satisfactorily 
or not at all explained, are those by which iron, under certain con- 
ditions, is enabled to resist oxidation even when exposed to agents 
of the greatest power ; such, for example, as nitric acid. The most 
remarkable researches on this subject are those of Schoenbein. In 
his experiments, the wires proceeding from the poles of the battery 
were immersed in two mercurial cups, which we shall call p and N. 
A bath of water B, acidulated with about 8 per cent, of sulphuric 
acid, was then connected with the cup N by a platinum wire. A 
piece of iron wire was placed with one extremity in p, and the other 
in the bath b. No oxidation was manifested at the end immersed in 
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the bath, and no hydrogen was evolved at the platinum wire. In 
fine, no electrolysis took place. 

Several circumstances were found to restore to the iron its oxidable 
property, and to establish the electrolysis of the liquid in the bath, 
but only for a short interval of a few seconds. These circumstances 
^ere : — 1. The contact for a moment of the platinum and iron wires 
in the bath. 2. The momentary suspension of the current by break- 
ing the contact at any point of the circuit. 3. The contact of any 
oxidable metal, such as zinc, tin, copper, or silver, with the iron in the 
bath. 4. The momentary diversion of a portion of the current, by 
connecting the cups P and N by a copper wire, without breaking the 
connections of the original circuit. 5. By agitating the end of the 
iron wire in the bath. 

If in connecting p and B by the iron wire, the wire be first im- 
mersed in B, oxidation will take place for some seconds after the other 
acid is immersed in p. 

The intensity of the current diverted by connecting the cups P and 
N by a copper wire, can be varied at pleasure by varying the length 
and section of the connecting wire (2063.). When such a derived 
current is established, several curious and interesting phenomena are 
observed. When the derived current has great intensity, no eflfect 
is produced upon the iron. Upon gradually diminishing the inten- 
sity of the derived current, the iron becomes active, that is, suscept- 
ible of oxidation. Wiih a less intensity it again hecomeB passivey 
and the oxidation ceases. As the derived current is gradually re- 
duced to that intensity at which the iron becomes permanently pas- 
sive, there are si^veral successive periods during which it is alter- 
nately aiitive and pa^ssive, the intervals between these periods being 
less and less. In the apparatus of Schoenbein the iron became per- 
manently active when the copper wire conducting the derived current 
was half a line thick, and from 6 inches to 16 feet long. 

These effects are reproduced with all the oxacids, but are not mani- 
fested either with the hydracids or the Haloid salts. 

2099. Other methods of rendering iron passive, — Iron may be 
rendered passive also by placing it as the positive electrode in a solu- 
tion of acetate of lead with a current of ordinary intensity. The 
iron should be immersed in the solution for about half a minute to a 
depth of about half an inch. A wire thus treated being washed 
clean, acquires the permanently passive property, even though the 
part immersed in the solution has not been coated with the peroxide 
of lead. And in this case the conditions above stated under which it 
recovers momentarily its active character, becomes inoperative. 

Iron thus galvanised acquires to a great degree the virtue of pla- 
tinum and the other highly negative metals, and for many purposes 
may be substituted for them. Thus Schoenbein has constructed vol- 
taic batteries of passive iron and zinc. 
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The iron wire used for telegraphic purposes is rendered passiTe 
bj this process- 

2100. Tree of Saturn. — The well known experiment of the 
Tbee of Saturn presents a remarkable example of the effect of a 
feeble current of long continuance. A bundle of brass wires is 
passed through a hole made longitudinally through the centre of a 
bottle cork, and fitted tightly in it so as to diverge in a sort of cone 
from the bottom of the oork. A plate of zinc is then tied round the 
wires at the point where they diverge from the cork^ so as to be in 
contact with all the wires. The wires and cork are then introduced 
into a glass flask containing a limpid solution of the acetate of lead, 
and the top of the cork luted over to prevent t^e admission of air. 
The zinc and brass thus immersed in the solution form a voltaic pair, 
and a current passes through the solution from the zinc, to the vrire. 
The water of the solution is slowly decomposed, the oxygen com- 
bining with the zinc, and the hydrogen attracting the oxygen from 
the oxide of lead, and reproducing water, while the metallic lead 
attaches itself to the wires. The acetic acid liberated by the seeon-. 
dary decomposition of the acetate of lead, enters into combination with 
the oxide of zinc, and produces the acetate of that metal, which 
passes into solution in the water. The contents of the flask are 
gradually converted into a solution of the acetate of zinc, and the 
metallic lead, the process being very slow, is crystallised in a variety 
of beautiful forms upon the divergent brass wire. 

2101. Davy* 8 method of preserving the copper sheathing of ships. 
— The method proposed by Sir H. Davy to preserve from corrosion 
the copper sheathing of ships, depends on the long-continued action 
of feeble currents. The copper is united with a mass of zinc, iron, 
or some more oxidable metal, so as to form a voltaic combination. 
The sea-water being a weak solution of salt, a feeble permanent cur- 
rent is established between the more and less oxidable metals, pass- 
ing through the water from the latter to the former, and causing its 
slow decomposition. The oxygen combines with the protecting 
metal, and the hydrogen disengaged on the copper, deoom poses the 
salts held in solution in the sea-water, attracting their oxide consti- 
tuents, such as lime, magnesia, &c., which are deposited upon the 
copper in a rough crust. Upon the coating thus formed collect ma- 
rine vegetation, shells, and other substances. Thus, while the cop- 
per sheathing is preserved from corrosion, there arises the counter- 
acting circumstance of an appendage to the hull of the ship, which 
impedes its sailing qualities. 

2102. Chemical effects produced in voltaic batteries, — The fluids 
interposed between the solid elements of all forms of voltaic arrange- 
ments may be regarded as electrolytes, the solid elements in contact 
with them being the electrodes. Li all arrangements in which one 
acid solution is interposed between two solids; one of which is more 
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oxidable than the other, the primary chemical effect is the decompo- 
sition of the water of the solution, the oxygen being disengaged upon 
the more and the hydrogen upon the less oxidable metal. The par- 
tisans of the chemical origin of the current contend, that in this case 
the oxygen gives up its negative electricity to the more oxidable, 
and the hydrogen its positive to the less oxidable metal, so that if 
those metals be connected by a metallic wire outside the system, a 
current will be established on the wire, directed from the less to the 
more oiddable metal^ which is found to be in effect what actually 
takes place. 

The secondary effects are very various and complicated, and are 
in accordance with the principles of electrolytic action already ex- 
plained. The first is a production of an oxide of the more oxidable 
metal. If the liquid element be an acid solution, this oxide will, in 
general, enter into combination with the acid, forming a salt which 
will be the next secondary effect. The hydrogen evolved against the 
less oxidable metal, may either be liberated in the gaseous state, or 
attract an equivalent of oxygen from one of the substances dissolved 
in the liquid element, thereby reproducing water, and decomposing 
the substances thus attacked. 

2103. Effect of amalgamating the ^/ric. -r-The advantage which 
attends the amalgamation of the zinc (1862.), in batteries in which 
that metal is used, is, that it is thus protected from the direct action 
of the acid by which the metal would be consumed, without contri- 
buting to the supply of the current. Zinc being a metal eminently 
susceptible of oxidation, would be affected by the aeid even in the 
weakest solutions, and a portion of the metal more or less according 
to the strength of the solution would be oxidated, a corresponding 
quantity of the acid being decomposed. This would produce the 
twofold inconvenience of the ineffectual consumption of both the 
metal and the acid. By the process of amalgamation the surface of 
the zinc is coated with a thin stratum of amalgam, which is proof 
against the acid, and which on the other hand increases the suscepti- 
bility of the metal to combine with the oxygen disengaged from the 
water by the current. 

2104. Effects in Smee*s battery, — The preceding observations 
are more or less applicable to all the single fluid arrangements 
described in (1858.) to (1863.), as well as to Smee's system 
(1870.). It has been found that the intensity of the current in the 
system of Smee, has been greatly augmented by platinisation of the 
surface of the metal used as the negative pole of the system. The 
process by which this effect is produced is as follows. The surface 
of the metal being scraped quite clean, it is immersed in a solution 
of the double chloride of potassium and platinum, and being con- 
nected with the negative pole of a battery, of which the possitive 
pole is connected with the solution by a plate of platinum immersed 

II. 36 
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in it, elecfcrolysaiion takes place, platinmn being deposited on the 
negative electrode as a seoondary result. The positive platinum 
electrode is meanwhile attacked by the chlorine, and dissolved so as 
to maintain the solution in the proper state of saturation. 

Mr. Smee, after trying plates of iron and silver, substituted for 
them plates of platinum, the surface of which was platinised by this 
process, and an improved action ensued. M. Bouquillon substituted 
for them a plate of copper, upon the surface of which a rough coatiDg 
of copper was first deposited by a similar process, and upon this a 
coating of silver, over which a coating of platinum was deposited. 
By this means the plate is stated to have acquired in the highest 
degree the power of liberating the hydrogen^ and stimulating the 
current. 

2106. In Wheatstone's battery, — In the system of Wheatstone 
(1871.), in which a single fluid, a saturated solution of sulphate of 
copper, is used as the exciting fluid, the water of the solution is elec- 
trolysed. The oxygen combines with the zinc of the amalgam, and 
forms as a secondary result an oxide. The hydrogen disengaged 
upon the copper acts upon the sulphate, whose constituents are sul- 
phuric acid and the protoxide of copper. It attracts the oxygen 
from the protoxide, with which it combines, forming water. The 
metallic copper and the acid are both liberated, the latter entering 
into combination with the oxide of zinc, and forming the sulphate 
of that oxide. For each equivalent of zinc oxidated, there is there- 
fore an equivalent of metallic copper, and an equivalent of the sul- 
phate of the oxide of zinc produced. 

2106. In the two fluid batteries. — In batteries in which two fluids 
separated by a porous diaphragm are interposed between the solid 
elements, chemical effects somewhat more complicated are exhibited, 
and indeed authorities are not in accordance as to the principles on 
which the phenomena are explicable. 

2107. Grove's battery. — In the case of Grove's battery (1865.), 
the primary phenomenon is the decomposition of the water of the two 
solutions which is effected through the cylinder of porous porcelain, 
the oxygen being disengaged upon the zinc, and the hydrogen upon 
the platinum. The secondary effects are — 1. The oxidation of the 
zinc. 2. The combination of the oxide with the acid, producing 
Biilpliate of zinc, which is deposited in the acid solution. 3. The 
oonibination of the hydrogen with one equivalent of the oxygen of 
the nitric acid, by which water is reproduced, and the nitric reduced 
to hj/jyonitric acid, which is evolved in the gaseous state. 

2108. Bunsen's battery. — The same phenomena are manifested in 
the battery of Bunsen (1866.), which differs from that of Grove only 
in the substitution of the carbon for the platinum element. 

2109. DanieVs battery. — The theory of the chemical phenomena 
developed in the operation of Daniel's constant battery (1867.), has 
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not been clearly determined. During the perfonnance of the appa- 
ratus metallic copper is deposited on the copper cylinder c c,Jtg. 541, 
which contains the solution of the sulphate of copper. The solution 
itself would become gradually less concentrated, but it is maintained 
in a state of saturation by the continual dissolution of the salt, which 
rests upon the wire grating G, and the sulphate of the oxide of zinc 
accumulates in the cylinder jpp. The fluid in this vessel jotp^ which 
is at the beginning a weak solution of sulphuric acid, is gradually 
converted into a solution of the sulphate of zinc, which is stated by 
Pfaff, Poggendorf, and others to be nearly as effective as an exciting 
fluid as the original acid solution. The electromotive virtue of the 
zinc in this case is therefore but little, and that of the copper not at 
all impaired by the continued action of the battery. 

The chemical changes which are effected in this battery may be 
explained as follows. A double electrolysis may be imagined as a 
primary effect, that of the water contained in the two solutions, the 
electrolytic action being transmitted through the intermediate porous 
cylinder and that of the sulphate, the acid constituent being trans- 
mitted to the zinc through the porous cylinder, and through the solu- 
tion contained in it in the same manner as the constituents of the 
electrolyte in Davy's experiments (2082.), were transmitted through 
the capillary siphons and the intermediate solutions. The secondary 
phenomena would be as follows : — The hydrogen of the decomposed 
water developed on the copper in a nascent state, would attract the 
oxygen of the oxide of copper also developed on the copper in a 
nascent state by the decomposition of the salt. Water would thus 
be reproduced in a quantity equal to that lost by decomposition, and 
the metallic copper of the oxide would be deposited on the copper 
cylinder. The solution of the sulphate being reduced below satura- 
tion by the amount of the salt thus decomposed, an equal quantity 
would be received by dissolution from the salt in G, which would 
restore it to the state of saturation. Meanwhile the acid constituent 
of the salt would be transferred to the zinc, where it would combine 
with the oxide of that metal formed by its combination with the 
oxygen of the decomposed water developed upon it, and the sulphate 
of the oxide would be formed, which would be dissolved in the solu- 
tion, leaving the amalgated zinc free to the further operation of the 
current. 

This interpretation of the phenomena cannot be admitted by those 
who, with Dr. Faraday, reject the principle of the transfer of an 
electrolyte through a menstruum foreign to it, unless indeed it be 
assumed that some small portions of the sulphate must pass through 
the porous cylinder, and mix with the acid solution. 

However this may be, we are not aware that any other satisfactory 
explanation has been proposed for the phenomena developed in this 
battery. 
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CHAP. xin. 



ELECTRO-METALLURGY. 



2110. Origin of this art. — ^Tbe decomposing power of the voltaic 
current applied to solutions of the salts and oxides of metals has 
supplied various processes to the industrial arts/ which inventors, 
improvers, and manufacturers . have denominated galvano-plastic, 
electro-plastic, galvano-type, electrotype, and electro plating and gild- 
ing. These processes and their results may he comprehended under 
the more general denomination, Electro-metallurgy. 

2111. The -metallic constituent deposited on the negative elec- 
trode. — If a current of sufficient intensity he transmitted through a 
solution of a salt or oxide, having a metallic hase, it will be under- 
stood, from what has been already explained, that while the oxygen 
or acid is developed at the positive electrode, the metal will be evolved 
either by the primary or secondary action of the current at the nega- 
tive electrode, and being in the nascent state, will have a tendency 
to combine with it, if there be an affinity, or to adhere to it by mere 
cohesion, if not. 

2112. Any hody may he used as the negative electrode. — The 
bodies used as electrodes must be superficially conductors, since 
otherwise the current could not pass between them ; but subject to 
this condition, they may have any material form or magnitude which 
is compatible with their immersion in the solution. If the body be 
metallic, its surface has necessarily the conducting property. If it 
be formed of a material which is a non-conductor, or an imperfect 
conductor, the power of conduction may be imparted to its surface 
by coating it with finely powdered black lead and other similar expe- 
dients. This process is called metallising the surface. 

2113. Use of a solvhle positive electrode. — By the continuance of 
the process of decomposition the solution would be rendered gradu- 
ally weaker, and the deposition of the metal would go on more 
slowly. This inconvenience is remedied by using, as the positive 
electrode, a plate of the same metal, which is deposited on the nega- 
tive electrode. The acid or oxygen liberated in the decomposition, 
in this case, enters into combination with the metal of the positive 
electrode, and produces as much salt or oxide, as is decomposed at 
the other electrode, which salt or oxide being dissolved as fast as it 
is formed, maintains the solution at a nearly uniform degree of 
strength. 

2114. Conditions which affect the state of the nietal deposited.-^ 
The state of the metal disengaged at the negative electrode depends 
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on the intensity of the current, the strength of the solution, its 
acidity, and its temperature, and the regulation of these conditions in 
each particular case, will require much practical skill on the |)art of 
the operator, since few general rules can be given for his direction. 

In the case, for example, of a solution of one of the salts of copper, 
a feeble current will deposit on the electrode a coating of copper so 
malleable that it may be cut with a knife. With a more intense 
cuprent the metal will become harder. As the intensity of the cur- 
rent is gradually augmented, it becomes successively brittle, granulous, 
crystalline, rough, pulverulent, and in fine loses all cohesion, — prac- 
tice alone will enable the operator to observe the conditions necessary 
to give the coating deposited on the electrode the desired quality. 

2115. The deposit to he of uniform thickness, — It is in all cases 
desirable, and in many indispensable, that the metallic coating depo- 
sited on the electrode shall have an uniform thickness. To insure 
this, conditions should be established which will render the action 
of the current on every part of the surface of the electrode uniform, 
so that the same quantity of metal may be deposited in the same 
time. Many precautions are necessary to attain this object. Both 
electrodes should be connected at several points with the conductorS| 
which go to the poles of the battery, and they should be presented to 
each other so that the intermediate spaces should be as nearly as 
possible equal, since the intensities of the currents between point and 
point vary with the distance. The deposition of the metal is also 
much influenced by the form of the body. It is in general more 
freely made on the salient and projecting parts, than in those which 
are sunk. 

2116. Means to prevent absorption of the solvation hy the dec- 
trode. — If the body on which the metallic deposit is made be one 
which is liable to absorb the solution, a coating of some substance 
must be previously given to it which shall be impervious to the 
solution. 

2117. Nbn-c(mducting coating used where partial deposit is re- 
quired. — When a part only of a metallic or other conducting body 
IS desired to be coated with the metallic deposit, all the parts im- 
mersed not intended to be so coated are protected by a coating of 
wax, tallow, or other non-conductor. 

2118. Application of these principles to gilding, silvering , <fec.— 
The most extensive and useful application of these principles in the 
arts is the processes of gilding and silvering articles made of the baser 
metals. The article to be coated with gold being previously made 
perfectly clean, is connected with the negative pole of the battery, 
while a plate of gold is connected with its positive pole. Both are 
then immersed in a bath consisting of a solution of the chloride of 
gold and cyanide of potassium, in proportions which vary with differ- 
ent gilders. Practice varies also as to the temperature and strength 

36* 
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of the solution. The chloride is decomposed, the metallic base being 
deposited as a coating on the article connected with the negatire pole, 
and th» chloride combining with a corresponding portion of the gold 
connected with the positive pole, and reproducing the chloride which 
is dissolved in the bath as fast as it is decomposed; thus maintaining 
the strength of the solution. 

A coating of silver, copper, cobalt, nickel, and other metals is 
deposited by similar processes. 

2119. Gases in which the coating is inadhesive. — When the arti- 
cle on which the coating is deposited is metallic, the coating will in 
some cases adhere with great tenacity. In others, the result is less 
satisfactory; as, for example, where gold is deposited on iron or steel. 
In such cases the difficulty may be surmounted by first coating the 
article with a metal which will adhere to it, and then depositing upon 
this the definitive coating. 

2120. Application to gilding^ silvering, or bronzing objects of 
art. — The extreme tenuity with which a metallic coating may be 
deposited by such processes, supplies the means of imparting to 
various objects of art the external appearance and qualities of any 
proposed metal, without impairing in the slightest degree their most 
delicate forms and lineaments. The most exquisitely moulded 
statuette in plaster may thus acquire all the appearance of having 
been executed in gold, silver, copper, or bronze, without losing any 
of the artistic details on which its beauty depends. 

2121. Production of metallic moulds of articles. — If it be desired 
to produce a metallic mould of any object, it is generally necessary 
to mould it in separate pieces, which being afterwards combined, a 
mould of the whole is obtained. That part intended to be moulded 
is first rubbed with sweet oil, black-lead, or some other lubricant, 
which will prevent the metal deposited from adhering to it, without 
separating the mould from the surface, in so sensible a degree as to 
prevent the perfect correspondence of the mould with the original. 
All that part not intended to be moulded is invested with wax or 
other material, to intercept the solution. The object being then 

. immersed, and the electrolysis established, the metal will be depo- 
sited on the exposed surface. When it has attained a sufficient 
thickness the object is withdrawn from the solution, and the metallic 
deposit detached. It will be found to exhibit, with the utmost possi- 
ble precision, an impression of the original. The same process being 
repeated for each part of the object, and the partial moulds thus 
obtained being combined, a metallic mould of the whole will be 
produced. 

2122. Production of objects in solid metal. — To reproduce any 
object in metal it is only necessary to fill the mould of it, obtained 
by the process above explained, with the solution of the metal of 
which it is desired to form the object, the surface of the mould being 
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previoTisly prepared, so as to prevent adhesion. The solution is then 
put in connection with the positive pole of the pile, while the mould 
is put in connection with the negative pole. The metal is deposited 
on the mould, and when it has attained the necessary thickness the 
mould is detached, and the object is obtained. 

In general, however, it is foiuid more convenient to motSld the 
object to be reproduced in metal by the ordinary processes in wax, 
plaster of paris, or fusible alloy. When they are made in wax, plaster, 
or any non-conducting material, their inner surfaces must be rubbed 
with black-lead, to give them the conducting power. When the 
deposit is made of the necessary thickness, the mould is broken off 
or otherwise detached. 

Statues, statuettes, and bas-reliefs in plaster can thus be repro- 
duced in metal with the greatest facility and precision, at an 
expense not much exceeding that of the metal of which they are 
formed. 

2123. Reproduction of stereotypes and engraved plates. — A 
mould in plaster of paris or Wax being taken from a wood en- 
graving and a stereotype plate, a stereotype may be obtained from 
the mould by the processes above described. Stereotypes by the 
ordinary processes of casting in type-metal are, however, produced at 
less expense. / 

Copper or steel engraved plates may be multiplied by like methods. 
A mould is first taken, which exhibits the engraving in relief. A 
metallic plate deposited upon this by the electrolytic process will 
reproduce the engraved plate. 

2124. Metallising textile fabrics. — The electro-metallurgic pro- 
cesses have been extended by ingenious contrivances to other sub- 
stances besides metal. Thus a coating of metal may be deposited 
on cloth, lace, or other woven fabric, by various ingenious expedients, 
of which the following is an example : — On a plate of copper attach 
smoothly a cloth of linen, cotton, or wool, and then connect the 
plate with a negative pole of a voltaic battery, immerse it in a solu- 
tion of the metal with which it is to be coated, and connect a piece 
of the same metal with the positive pole ) decomposition will then 
commence, and' the molecules of metal, as they are separated from 
the solution, must pass through the cloth in advancing to the copper 
to which the cloth is attached. In their passage through the cloth 
they are more or less arrested by it. They insinuate themselves into 
its pores, and, in fine, form a complete metallic cloth. Lace is metal- 
lised in this way by first coating it with plumbago, and then subject- 
ing it to the electro-metallurgic process. 

Quills, feathers, flowers, and other delicate fibrous substances may 
be metallised in the same way. In the case of the most delicate of 
these the article is first dipped into a solution of phosphorus and 
sulphate of carbon, and is well wetted with the liquid. It is then 
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immersed in a solution of nitrate of silver. Phosphoms has the 
property of reviving silver and gold from their solutions. Conse- 
quently^ the article is immediately coated with a very attenuated fibre 
of the metal. * 

2125. Glyphography, — If a thin stratum of wax or other soft 
substance be spread upon a plate of metal; any subject or design may 
be engraved upon the coating without more labour than would be ' 
expended on a pencil drawing. When the engraving is thus made 
on the wax it is subjected to the electrotype process, by v?hich a 
sheet of copper or other metal is deposited upon it. When this is 
detached it exhibits in relief the engraving, from which impressions 
may be produced in the same manner as from a wood engraving, to 
which it is altogether analogous. 

2126. Reprodvu^tion of DaguerreotypeB, — One of the most re- 
markable and unexpected applications of the electrotype process is to 
Daguerreotypes. The picture being taken upon the plate by the 
usual process of Daguerreotype, a small part of the back is cleaned 
with sand-paper, taking care not to allow the face of the plate to be 
touched. A piece of wire is then soldered to the part of the back 
thus prepared. The plate is then immersed in a solution of copper, 
and connected with the battery, the back being protected by a 
coating of wax. After a deposit of sufficient depth has been made 
upon the face of the plate, it is withdrawn from the solution, and 
the plate of copper deposited being detached, exhibits the picture with 
an expression softer and finer than the original. By this process 
when conducted with skill, several copies may be taJsen from the 
same Daguerreotype. 

If the electrotype copy thus obtained be passed through a weak 
solution of the cyanide of gold and potassium in connection with a 
weak battery, a beautiful golden tint will be imparted to the picture, 
which serves to protect it from being tarnished. 



CHAP. XIV. 

ELECTRO-TELEGRAPHY. 

2127. Common principle of oM electric telegraphs, — Of all the 
applications of electric agency to the uses of life, that which is 
transcendently the most admirable in its effects, and the most im- 
portant in its consequences, is the electric telegraph. No force of 
habit, however long continued, no degree of familiarity can efface 
the sense of wonder which the effects of this most marvellous appli- 
cation of science excite. 
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The electric telegraph, whatever form it may assume, derives its 
efficiency from the three following conditions : — 

1. A power to develop the electric fluid continuously, and in the 
necessary quantity. 

2. A power to convey it to any required distance without being 
injuriously dissipated. 

3. A power to cause it, after arriving at such distant point, to 
make written or printed characters, or some sensible signs serving 
the purpose of such characters. 

The apparatus from which the moving power by which these effects 
are produced is derived, is the voltaic pile or galvanic battery. This 
is to the electric telegraph what a boiler is to a steam engine. It is 
the generator of the fluid by which the action of the machine is pro- 
duced and maintained. 

We have therefore first to explain how the electric fluid, gene- 
rated in the apparatus just explained, can be transmitted to a dis- 
tance without being wasted or dissipated in any injurious degree 
en route. 

If tubes or pipes could be constructed with sufficient facility and 
cheapness, through which the subtle fluid could flow, and which would' 
be capable of confining it during its transit, this object would be at- 
tained. As the galvanic battery is analogous to the boiler, such tubes 
would be analogous in their form and functions to the steam-ppe of 
a steam-engine. ^ 

2128. Conducting wires. — ^If a wire, coated with a non-conducting 
substance capable of resisting the vicissitudes of weather, were 
extended between any two distant points, one end of it being at- 
tached to one of the extremities of a galvanic battery, a stream of 
electricity would pass along the wire — provided the other end of the 
wire were connected hy a conductor with the other extremity of the 
battery. 

To fulfil this last condition, it was usual, when the electric tele- 
graphs were first erected, to have a second wire extended from the 
distant point back to the battery in which, the electricity was gene- 
rated. JBut it was afterwards discovered that the earth itself was 
the best, and by far the cheapest and most convenient, conductor 
which could be used for this returning stream of electricity. Instead, 
therefore, of a second wire, the extremity of the first, at the distant 
point to which the current is sent, is attached to a large metallic 
plate, measuring five or six square feet, which is buried in the 
earth. A similar plate, connected with the other extremity of the 
battery, at the station from which the current is transmitted, is like- 
wise buried in the earth, and it is found that the returning current 
finds its way back through the earth from the one buried plate to the 
other buried plate. 

The manner in which the wires are carried from station to station 
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is well known. Every one b familiar with the lines of wire ex- 
tended along the side of the railways. These wires are generally 
galvanized so as to resist oxidation, and are of sufficient thickness to 
bear the tension to which they are submitted. They are suspended 
on posts, erected at intervals of sixty yards, being at the rate of thirty 
to a mile. 

To^ each of these poles are attached as many tubes or rollers of 
porcelain or glass as there are wires to be supported. Each wire 
passes through a tube, or is supported on a roller ; and the material 
of the tubes or rollers being among the most perfect of the class of 
non-conducting substances, the escape of the electricity at the points 
of contact is impeded. 

In some cases, as, for example, in the streets of London, it is foand 
inconvenient to carry the wires on elevated posts. In such cases they 
are wrapped with cotton thread, coated with a mixture of tar, resin, 
and grease, which produces a good non-conductor, or are surrounded 
with gutta percha, which is better still, are packed together in a leaden 
or other metallic pipe, and are then buried in the ground. 

2129. Telegraphic signs. — The current being by these means 
transmitted instantaneously from any station to another, conateted 
with it by such conducting wires, it is necessary to select among the 
many effects which it is capable of producing, such as may be fitted 
for telegraphic signs. 

There are a great variety of properties of the current which supply 
means of accomplishing this. If it can be made to affect any object 
in such a manner as to cause such object to produce any effect sen- 
sible to the eye, the ear, or the touch, such effect may be used as a 
sign; and if it be capable of being varied, each distinct variety of 
which it is suceptible may be adopted as a distinct sign. Such signs 
may then be taken as signifying the letters of the alphabet, the digits 
composing numbers, or such single words as are of most frequent 
occurrence. 

The rapidity and precision of the communication will depend on 
the rate at which such signs can be produced in succession, and on 
the certainty and accuracy with which their appearance at the place 
of destination will follow the action of the producing cause at the 
station from which the despatch is transmitted. 

These preliminaries being understood, it remains to show what 
effects of the electric current are available for this purpose. 

These effects are : — 

I. The power of the electric current to deflect a magnetic needle 
from its position of rest. 

II. The power of the current to impart temporary megnetism to 
soft iron. 

in. The power of the current to decompose certain chemical 
solutions. 
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2130. SigviB made with the needle system. — Let us now see how 
these three properties have been made instrumental to the transmis- 
sion of intelligence to a distance. 

We have explained how a magnetic needle over which an electric 
current passes will be deflected to the right or to the left, according 
to the direction given to the current. Now, it is always easy to give 
the current the one direction or the other, or to suspend it altogether, 
by merely changing the end of the galvanic trough with which the 
wires are connected, or by breaking the contact. 

A person, therefore, in London, having command over the end of 
a wire which extends to Edinburgh, and is there connected with a 
magnetic needle, in the manner already described, can deflect that 
needle to the right or to the left at will. 

Thus a single wire and a magnetic needle are capable of making 
at least two signals. 

By repeating the same signals a greater or less number of times, 
and by variously combining them, signs may be multiplied ; but it 
is found more convenient to provide two or more wires affecting dif- 
ferent needles, so as to vary the signs by combination, without the 
delay attending repetition. 

Such is, in general, the nature of the signals adopted in the electric 
telegraphs in ordinary use in England, and in some other parts of 
Europe. 

It may aid the conception of the mode of operation and communi- 
cation if we assimilate the apparatus to the dial of a clock with its 
two hands. Let us suppose that a dial, instead of carrying hands, 
carried two needles, and that their north poles, when quiescent, both 
pointed to twelve o'clock. When the galvanic current is conducted 
under either of them, the north pole will turn either to three o*clock 
or to nine o'clock, according to the direction given to the current. 

Now, it is easy to imagine a person in London governing the hands 
of sudh a clock erected in Edinburgh, where their indications might 
be interpreted according to a way previously agreed upon. Thus, we 
may suppose that when the needle No. 1. turns to nine, the letter A 
is expressed; if it turn to three, the letter B is expressed. If the 
needle No. 2. turn to nine o'clock, the letter c is expressed ; if it 
turn to three, the letter D. If both needles are turned to nine, the 
letter e is expressed ) if both to three, the letter F. If No. 1. be 
turned to nine, and No. 2. to three, the letter G is expressed; if No. 
2. be turned to nine, and No. 1. to three, the letter H, and so forth. 

2131. Telegraphs operating hy an electro-magnet. — Telegraphs 
depending on the second and third principles adverted to above, have 
been brought into extensive use in America, the needle system being 
in no case adopted there. 

The power of imparting temporary magnetism to soft iron by the 
electric current has been applied in the construction of telegraphs in 
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a great variety of forms ; and indeed it may be stated generally ihat 
there is no form of telegraph whatever in which the application of 
this property can be altogether dispensed with. 

To explain the manner in which it is applied, let us suppose the 
conducting wire at the station of transmission^ London for example, 
to be so arranged that its connexion with the voltaic battery may, 
with facility and promptitude, be established and broken at the will 
of the agent who transmits the despatch. This may be effected by 
means of a small lever acting like the key of a pianofortCi which 
being depressed by the finger, transmits the current. The current 
may thus be transmitted and suspended in as rapid alternation as the 
succession of notes produced by the action of the same key of a 
pianoforte. 

At the station to which the despatch is transmitted, Edinburgh 
for example, the conducting wire is coiled spirally round a piece of 
soft iron, which has no magnetic attraction so long as the current 
does not pass along the wire, but which acquires a powerful mag- 
netic virtue so long as the current passes. So instantaneously does 
the current act upon the iron, that it may be made alternately to ac- 
quire and lose the magnetic property several times in a second. 

Now let us suppose this soft iron to be placed under an iron lever, 
like the key of a pianoforte, so that when the former has acquired 
the magnetic property, it shall draw this key down as if it were de- 
pressed by the finger, and when deprived of the magnetic property, 
it will cease to attract it, and allow it to recover its position of rest. 
It is evident in this case that movements would be impressed by the 
soft iron, rendered magnetic, on the key at Edinburgh simultaneous 
and exactly identical with the movements impressed by the finger of 
the agent upon the key in London. In fact, if the key in Edin- 
burgh were the real key of a pianoforte, the agent in London could 
strike the note and repeat it as often and with such intervals as he 
might desire. 

This lever at Edinburgh, which is worked by the agent in London, 
niay, by a variety of expedients, be made to act upon other moveable 
mechanism, so as to make visible signals, or to produce sounds, to 
ring a bell or strike a hammer, or to trace characters on paper by 
means of a pen or pencil, so as actually to write the message, or to 
act upon common moveable type so as to print it. In fine, having 
once the power to produce a certain mechanical effect at a distant 
station, the expedients are infinitely various, by which such mechan- 
ical effect may be made subservient to telegraphic purposes. 

2132. Morsels system. — The telegraph of Morse, extensively used 
in the United States, affords an example of this. To comprehend 
its mode of operation, let us suppose the lever on which the tempo- 
rary magnet acts to govern the motion of a pencil or style under 
which a ribbon of paper is moved with a regulated motion by means 
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of clockwork. When the current passes, the style is pressed upon 
the paper, and when the current is suspended, it is raised from it. 
If the current be maintained for an interval more or less continued, 
the style will trace a line on the ribbon, the length of which will be 
greater or less according to the duration of the current. If the cur- 
rent be maintained only for an instant, the style will merely make a 
dot upon the ribbon. Lines, therefore, of varying lengths, and dots 
separated by blank spaces, will be traced upon the ribbon of paper 
as it passes under the style, and the relative lengths of these lines, 
their combinations with each other and with the dots, and the lengths 
of the blank intervening spaces, are altogether under the control of 
the agent who transmits the despatch. 

It is easy to imagine how a conventional alphabet may be formed 
by such combinations of lines and dots. 

Provisions are made, so that the motion of the paper does not be- 
gin until the message is about to be commenced, and ceases when 
the message is written. This is easily accomplished. The cylinders 
which conduct the band of paper are moved by wheel-work and a 
weight properly regulated. The motion is imparted by a detent 
detached by the action of the magnet, which stops the motion when 
the magnet loses its virtue. 

2138. Electro-chemical telegraphs, — The following description- of 
the telegraph of Mr. Bain will convey some idea of the general 
principle on which all forms of electro-chemical telegraphs are 
based :-♦ 

Let a sheet of "writing-paper be wettgd with a solutioa of prussiate of 
potash, to which a little nitric and hydrochloric acid have been added. Let 
a metallic desk be provided corresponding in magnitude with the sheet of 
paper, and let this 4esk be put in communication with a galvanic battery so 
as to form its negative pole. Let a piece of steel or copper wire forming a 
pen be put in connection with the same battery so as to form its positive 
pole. Let the sheet of moistened paper be now laid upon the metallic 
desk, and let the steel or copper point which forms the positive pole of the 
battery be brought into contact with it. The galvanic circuit being thus 
completed, the current will be established, the solution with which the 
paper is wetted will be decomposed at the point of contact, and a blue or 
brown spot will appear. If the pen be now moved upon the paper, the 
continuous succession of spots will form a blue or brown line, and the pen 
being moved in any manner upon the paper, characters may be thus written 
upon it as it were in blue or brown ink. 

Li this manner, any kind of writing may be inscribed upon the paper, and 
there is no other limit to the celerity with which the characters may be 
written, save the dexterity of the agent who moves the pen, and the suffi- 
ciency of the current to produce the decomposition of the solution in the 
time which the pen takes to move over a given space of the paper. 

The electro-chemical pen, the prepared paper, and the metallic desk 
being understood, we shall now proceed to eitplain the manner in which a 
oommunication is written at the station where it arrives. 

The metallic desk is a circular disk, about twenty inches in diameter. It 
is fixed on a central axis, with which it is capable of revolving in its own 

n. 37 
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plane. An viuforxn moTement of rotaticm is imparted to it by means of a 
email roller, gently pressed against its under surface, and having sufficient 
adhesion with it to cause the movement of the disk by the revolution of the 
roller. This roller is itself kept in uniform revolution by means of a train 
of wheel-work, deriving its motion either from a weight or main spring, and 
regulated by a governor or fly. The rate at which the disk revolves may 
be varied at the discretion of the superintendent, by shifting the position of 
the roller towards the centre ; the nearer to the centre the roller is placed, 
the more rapid will be the motion of rotation. The moistened paper being 
placed on this disk, we have a circular sheet kept in uniform revolution. 

The electro-chemical pen, already described, is placed on this paper at a 
certun distance from its centre. This pen is supported by a pen-holder, 
which is attached to a fine screw extending from tiie c^tre to the drciua- 
ference of the desk in the direction of one of its radii. 

On this screw is fixed a small rolleif. which presses on the surface of the 
desk, and has sufficient adhesion with it to receive from it a motion of reTo- 
lution. This roller causes the screw to move with a slow motion ink 
direction from the centre to the circumference, carrying with it the electre- 
chemical pen. We have thus two motions, the circular motion carrying the 
moistened paper which passes under the pen, and the slow rectilinear mo- 
tion of the pen itself directed from the centre to the circumference. Bj 
the combination of these two motions, it is evident that the pen will trace 
upon the paper a spiral curve, commencing at a certain distance from the 
centre, and gradually extending towards the circumference. The interrali 
between the successive coils of this spiral line will be determined by the 
relative velocities of the circular disk, and of the electro-chemical pen. 
The relation between these velocities may likewise be so regulated, that the 
coils of the spiral may be as close together as is consistent with the dis- 
tinctness of the traces left upon the paper. 

Now, let us suppose that the galvanic circuit is completed in the mamier 
customary with the electric telegraph, that is to say, the wire which termi- 
nates at the point of the electro-chemical pen is carried from the station of 
arrival to the station of departure, where it is connected with the galvanic 
battery, and the returning current is formed in the usual way by the earth 
itself. When the communication between the wire and the galvanic battery 
at the station of departure is established, the current will pass through the 
wire, will be transmitted from the point of the electro-chemical pen to the 
moistened paper, and will, as already described, make a blue or brown line 
on this paper. If the current were continuous and uninterrupted, this line 
would be an unbroken spiral, such as has been already described ; but if 
the current be interrupted at intervals^ during each such interval, the pen 
will cease to decompose the solution, and no mark will be made on the 
paper. If such interruption be frequent, the spiral, instead of being a 
continuous line, will be a broken one, eonsisting of lines interrupted by 
blank spaces. If the current be allowed to act only for an instant of time, 
there will be a blue or brown dot upon the paper ; but if it be allowed to 
continue during a long interval, there will be a line. 

Now, if the intervals of the transmission and suspension of the current 
be regulated by any agency in operation at the station of departure, lines 
and dots corresponding precisely to these intervals, will be produced by the 
electro-chemical pen on the paper, and will be continued regularly along 
the spiral line already described. It will be evident, without further expla- 
nation, that characters may thus be produced on the prepared paper cor- 
responding to those of the telegraphic alphabet already described, and 
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thus the language of the communioation will be written in thei^e conventional 

'- symbols. 

^ * There is no other limit to the celerity with which a message may be thus 

B written, save the sufficiency of the current to effect the decomposition while 
K the pen passes oyer the paper, and the power of the agency used at the 
K station of departure to produce, in rapid succession, the proper intervals in 
!i the transmission and suspension of the current. 

rj But the prominent feature of this system is the extraordinary celerity 

s* of which it is susceptible. In an experiment performed by M. Le Verrier 
i« and Dr. Lardner before Committees of the Institute and the Legislative 
^ Assembly at Paris, despatches were sent a thousand miles, at the rate of 
nearly 20,000 words an hour.* 



CHAP. XV. 

CALORIFIC, LUMINOUS, AND PHYSIOLOGICAL EFFECTS OF THE 

VOLTAIC CURRENT. 

2184. Conditions on which cahrijic power o/ current cUpefids. — 
When a voltaio eurrent passes over a conductor, an elevation of tem- 
perature is produced, the amount of which will depend on the 
quantity and intensity of the electricity transmitted, upon the con- 
ductibility of the material composing the conductor, and upon the 
magnitude of the space which it offers for the passage of the electric 
fluid. Although tibe conditions which determine this development 
of heat are not ascertained with much certainty or precision, it may 
be stated generally that the quantity of heat produced is augmented 
with the quantity of the fluid transmitted, and the obstacles opposed 
to its passage. A given current, therefore, will develop less heat on 
good than on bad conductors, and on those having a large than on 
those having a smaU transverse section. 

The development of heat, so far as it depends on the current itself, 
appears to increase in a much larger ratio with the quantity, than 
with the intensity, of the electric fluid. Thus, while it is greatly 
augmented by increasing the extent of surface of the elements of the 
pile, it is very little affected by augmenting their number. For a 
like reason it is greatly augmented by selecting the elements from 
the extremes of the electromotive series (1847), since in that case 
the quantities of electricity developed are increased in proportion to 
the electromotive energy of the exciting surfaces. 

When a voltaic current of a certain intensity passes along a me- 
tallic wire, the wire becomes heated. If the intensity of the current 

* Lardner on the Great Exhibition, p. 89, et seq. 
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be increased, the wire will become iacaBdeecettt, and will, by a fiirther 

iDcreoflo of the force of the current, be fused, or burned. 

The same current which will produce only a alight elevation of 
temperature upon a wire of a certain diameter, will retidei- a finer 
wire incandescent, and will fuse or bum one whicli ia still finer. 

2135. Calorifio effects: Mare's and Cldldreii's dejiagraton. — 
The calorifio power of a battery depending chiefly on the estent of 
the heating surface, and the electromotive energy of its elements, 
those forms which, within a ^ven volume, present the most esten- 
eivc surfaces, such as Hare's spiral arrangement (1861), and others 
on a like principle, contrived by Children and Strating, and denomi- 
nated dejiagrators, and the systems of Grove (1865) and Bunsen 
(1866), in which platinum or carbon is combined with zinc, and 
excited by two fluids, are the most efficient. With piles of the laiier 
kind, consisting of ten to twenty pairs, the development of heat is so 
considerable that snbatances whieh resist the most powerful blast 
furnaces are easily fused and burned. Extraordinary effects are pro- 
duced by this calorific agency. Metallic wire, submerged in water, 
is rendered incandescent, and may be fused either in vacuo or in an 
atmosphere of any gas, such as azote or carbonic acid, which is not a 
supporter of combustion. 

2136. WoUasUnCs Otimble battery. — A combination thus desig- 

nated, which has acquired a. sort of historical 
' scientific interest, is represented in its actnal 
^ size in;^. 664. 

A strip of thin silver or platinum leaf P, ia 

bent double, so as to include between its folds 

a plate z of amalgamated zinc, the distance 

between the surfaces being about the twentieth 

of an inch. The surfaces are kept separated 

by small bits of cork thrust between them. 

Two short copper wires, one z, attached to the 

zinc, and the other,j:i, to the platinum, form the 

poles of the combination, and when those are 

Fig. 664. connected by a wire a voltaic current will pass 

from p \o z. Each of these polar wires has a 

fine slit made in it, into which an extremely fine piatjnnm wire is 

inserted, extending between z and^, the inteiveuing IcngtJi between 

these points being not more than the tenth of an inch. The wire 

handle h is provided, to enable the operator to immerse the apparatus 

in a wine-glass, containing a solution composed of three parta of 

water and one of sulphuric acid. The current which will then be 

established upon the wire between jiandswill render it incandescent. 

2137. Experimental illuslratum of the cojiditums vihwh effect 
cahrijk power of a current. — If the poles of a powerful battery be 
connected by iron ot platinum wire from two to three feet in length, 
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the metal will become incandescent. If its length or thickness be 
diminished it will fuse or burn. If its length or thickness be in- 
creased it will acquire first a darker degree of incandescence, and then 
will be only heated without being rendered luminous. The same 
current which will render iron or platinum wire incandesceot or fuse 
it, will only raise the temperature of silver or copper wire of the 
same length and thickness without rendering it incandescent. If, 
on the other hand, the iron or platinum be replaced by tin or lead of 
much greater length or thickness, these metals will be readily fiised 
by the same current. 

These phenomena are explained by the different conductibility 
of these different metals, silver and copper being among the best, 
and lead and tin being among the worst metallic conductors of 
electricity. 

If two pointed pencils of thick platinum wire, being connected 
with the poles of the battery, be presented point to point, so that the 
current may pass between them, they will be fused at the points and 
united, as though they were soldered together. This effect will 
equally be produced under water. 

2138. Substances ignited and ea^Ioded hy the current, — Com- 
bustible or explosive substances, whether solid or liquid, may be 
ignited by the heat developed in transmitting a current through 
them. Ether, alcohol, phosphorus, and gunpowder present exam- 
ples of this. 

2139. Ajoplication of this in civil and rn/Uiiary engineering, — 
This property has been applied with great advantage in engineering 
operations, for the purpose of springing mines, an operation which 
may thus be effected with equal &cility uuder water. Experiments 
made by the Eussian military engineers at St. Petersburg, and by 
the English at Chatham, have demonstrated the advantage of this 
agency in military operations, more especially in the springing of 
subaqueous mines. 

In the course of the construction of the South-Eastem Eailway it 
was required to detach enormous masses of the cliff near Dover, 
which, by the direct application of human labour, could not have 
been accomplished, save at an impracticable cost Nine tons of gun- 
powder, deposited in three charges, at from fifty to seventy feet from 
the &ce of the cliff, were fired by a conducting wire, connected with 
a powerful battery, placed at 1000 feet from the mine. The explo- 
fflon detached 600,000 tons weight of chalk from the cliff. It was 
proved that this might have been equally effected at the distance 
<rf 3000 feet. 

2140. JaA:6bVB ex'perim&nU on conduction hy water, — Jacobi 
instituted a series of experiments with a view to ascertain how far 
water might be substituted for a metallic conductor for telegraphic 
purposes. He first established (as Peschel states) a conduction of 

37* 
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this nature between Oranienbaum and an ann of the Gnlph of Fin- 
land; a distance of 5600 feet, one half through water, and the other 
through an insTilated copper wire, three-fourths of a line in diameter, 
which was carried over a dam, so that the entire length of the con- 
nexion was 11,200 feet. The electric current was excited by a 
Grove's battery of twenty-four pairs, and a common voltaic pile of 
150 six>inch plates. A zinc plate of ^ye square feet was sunk in 
the sea from one pole of the battery, and at the opposite end of the 
connecting wire a similar plate was sunk in a canal joining the sea. 
Charcoal points were used for completing the circuit of the Grove's 
battery ; these, and also a fine platinum wire, were made red-hot, and 
these phenomena appeared to be more intense than when copper wires 
were used as conductors. In a later experiment he employed a 
similar conduction, the distance in this case being 9030 feet, namely, 
from the winter palace of the emperor to the Fontanka^ near the 
Obuchowski bridge. One of the conductors was a copper wire car- 
ried under ground, the other was the Neva itself, in which a zinc 
plate five square feet was sunk beneath the surface of the river. At 
the other extremity a similar zinc plate was immersed in a small 
pond, whose level was five or six feet above the Fontanka^ from 
which it was separated by a flood-gate. The battery ccmsisted of 
twenty-five small DanieFs constant batteries, by means of which, 
notwithstanding the great extent of water, all the galvanic and 
magnetic phenomena were produced. At Lenz's suggestion, a 
different species of conduction was tried between the same stations. 
A connection was established with a point of the iron roof of the 
winter palace, which was connected with the ground by means of 
conducting rods, and the current was carried equally well along the 
moist earth. 

2141. Combustion of the metah. — ^If thin strips of metal or com- 
mon metallic leaf be placed in connection with the poles of a battery, 
it will undergo combustion, the colour of the flame varying with ihe 
metal, and in all cases displaying very striking and brilliant effects. 
Gold thus burned gives a bluish-white light, and produces a dark 
brown oxide. Silver bums with a bright seargreen flame, and 
copper with a bluish-green flame, mingled with red sparks, and 
emits a green smoke. Zinc burns with a dazzling white light, tin 
with red sparks, and lead with a purple flame. These phenomena 
are produced with increased splendour, if the metal to be burned 
attached to one pole be brought into contact with mercury connected 
with the other pole. • 

2142. Spark prodvxxd by the voltaic current. — Bring nearly to- 
gether the amalgamated ends of the polar wires, while the battery is 
in a state of activity ] a small, white, starlike spark will be seen ac- 
companied by a crackling noise like that which attends the emission 
of a feeble electrical spark. 
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Plunge the end of one of the wires into a small vessel of mercury, 
and bring the other near the surface of the metal. A similar spark 
is emitted just before the point touches the mercury, on which a 
small black speck may be seen where the spark struck it. 

The spark obtained from an amalgamated point is visible under 
water or in the flame of a candle. 

Fasten a fine sewing needle to the end of. one of the wires, and 
touch the other pole with the free end of the needle ; a starlike red 
spark will be emitted. A continued stream of these sparks may be 
obtained by connecting a small round or triangular file with one pole, 
and presenting to it and removing from it with great rapidity the 
point of a copper wire attached to the other pole. 

Ooat the ends of the connecting wires with soot, by holding them 
in the flame of an oil lamp, and Qie sparks will be both larger and 
brighter ; they will be obtained of the greatest intensity by holding 
the points of the wires in the flame opposite to each other. 

Nobili says, that, in performing experiments of this kind he ob- 
tained the brightest sparks by connecting the two ends of the battery 
with a long spiral copper wire, or with a wire insulated by being 
wound round with silk. 

2143. The electric light. — Of all the luminous effects produced 
by the agency of electricity, by far the most splendid is the light 

produced by the passage of the current pro- 
ceeding from a powerful battery between two 
pencils of hard charcoal presented point to 
point. The charcoal being an imperfect con- 
ductor is rendered incandescent by the cur- 
rent, and being infusible at any temperature 
hitherto attained, the degree of splendour of 
which its incandescence is susceptible has no 
other practical limit except the power of the 
battery. 

The charcoal best adapted for this experi- 
ment is that which is obtained from the re- 
siduum of the coke in retorts of gas-works. 
This is hardened and formed into pencil- 
Fig. 665. shaped pointed cylinders, from two to four 

inches in length, and mounted as represented 
in fy. 666., where p and r, the two metallic pencil-holders, are in 
metallic connection with the poles of the pile, and so mounted that 
the charcoal pencils fixed in them can at pleasure be made to ap- 
proach eiach other until their points come into contact, or to recede 
from each other to any necessary distance. When they are brought 
into contact, the current will pass between them, and the charcoal 
will become intensely luminous. When separated to a short dis- 
tance, a splendid fiame will pass between them of the form repre- 




440 



VOLTAIC BLBCTBICIT7. 




Fig. 6M. 




Fig. 667. 



sented in fig. 666. Il will be observed that the fonn 
of the flame is not Bymmetiioal with relation to the 
two poksy the part next the positive point having the 
greatest diametw^ and the diameter becoming gradu- 
ally less in approaching the negative point. 

2144. Action of a magnet on the dectric Jlame. — 
If the pole of a hax magnet be pihosented to this flame 
it will immediately a&et it as it wonld affect a move- 
able omrent) and will; even at a considerable distance, 

throw it into, the curved form represented in^. 667., the onrvatoie 
being tamed to the one side or the other aoooiding as 
the austral or boreal pole is presented to the flame. 
The action of the magnet may, in such cascto, be so 
intense as to extinguish the flame altogether, just 
ais a blast of air would extinguish the flame of a 
candle. 

This fact renders it probable^ if not certain, that the 
earth's magnetism exerts a similar infiuenee on a 
larger scale upon the electrical phenomena of the 
atmosphere, especially on those which are manifissted 

in its more elevated regions, and which, becjiiuse of the more raieSed 

state of the air, have more diflusion. 

2145. ^^candescence of charcoal by the cfwrrent not comhustton. — 
It would be a great error to ascribe the light produced in charcoal 
pencils to the combustion of that substaiuse. None of the conse- 
qnences or effects of combustion attend the phenomena, no carbonic 
acid is produced, nor does the charcoal undergo any diminution of 
weight save a small amount due to mere medbanical causes. On 
the contrary, at the points where the calorific action is most intense, 
it becomes mose hard and dense. But what negatives still more 
clearly the suppoMtion of combustion is, that the incandescence is 
still more intense in a vacuum, or in any of the gases that do not 
support combustion, than in the ordinary atmosphere. 

Peschel states that, instead of two charcoal pencils, he has laid a 
piece of charcoal, or well-burnt coke, upon the surface of mercury, 
connected with one pole of the battery, while he has touched it with 
a piece of platinum connected with the other pole. In this manner 
he obtained a light whose splendour was intolerable to the eye. 

2146. Electric lamps of Messrs. Fonucavlty DeUuilj and Dubosc- 
Soldi. — M. Foucault first applied the electric light produced by 
charcoal pencils as a substitute for the lime light in the gas micro- 
scope. Further improvements in these arrangements have been 
made more recently by M. Deleuil and M. Dubose>Soleil, the emi- 
nent philosophical instrument makers of Paris. The effect of these 
improvements is to supply a self-acting adjustment by whieh the 
current passing between the charcoal pencils, and consequently the 
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splendour of the light, is rendered nniform^ or nearly so. This is 
accomplished by the agency of electro-magnets^ which are so affected 
by the current, that they act upon a mechanism which regulates the 
distance of the charcoal points so as to maintain the uniformity of 
current. 

2147. Method of applying the heat ofeharcoal to thefuxwn of re* 
fractory bodies and the decomposition of the alkalies, — This is 
accomplished by substituting for the charcoal pencil, p, fig, 665., a 
piece of charcoal in the form of a small cup, as represented in 

fig, 668. 
n|| -< A small piece of the substance .to be acted on is 

Jgjf pl|iced in the charcoal cup s, and the electric flame is 
Mr ^ made to play upon it by bringing it into proximity 
JHw^ 8 ^i^h the pencil above it. In this way gold or platinum 
I^^^H *' may be fused, or even burned. If a small piece of 
lilll soda or potash be placed in the cup s, its decomposition 
will be effected by the flame, and small globules of 
' Fig. 668. sodium or potassium will be produced in the cup, 
which will launch themselves towards the point of the 
pencil, undergoing at the same time combustion, and thus reproduc- 
ing the alkali. 

2148. Physiological effects of the current, — This class of effects 
is found to consist of three successive phases : firstj when the current 
first commences to pass through the members affected by it; secondly y 
during its continuance ; and, thirdly, at the moment of its cessation. 
A sharp convulsive shock attends the first and last ; and the inter- 
mediate period is marked by a continued series of lesser shocks 
rapidly succeeding each other. The shock of a voltaic battery has 
been said to be distinguished from that produced by a Leyden jar, 
inasmuch as the latter is felt less deeply, affecting only our external 
organs, and being only instantaneous in its duration ] while the latter 
pervades the system, propagating itself through the whole course of 
the nerves which extend between its points of admission and de- 
parture. 

It appears that the physiological efi!ect of the current depends 
altogether on its intensity, and little or not at all upon its quantity. 
This is proved by the fact, that the effect of a battery of small plates 
is as great as one consisting of the same number of large plates. A 
single pair, however extensive be its surface, produces no sensible 
shock. To produce any sensible effect, from ten to fifteen pairs are 
necessary. A battery of 60 to 100 pairs gives a pretty strong con- 
vulsive shock. If the hands, previously wetted with salted water, 
grasp two handles, like those represented at p and N, fig, 624., con- 
nected with such a battery, violent shuddering of the fingers, arms, 
and chest will be produced ) and if there be any sore or tender parts 
of the skin, a pricking or burning sensation will be produced there. 
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The voltuo shook may be transmiUed tiiioagh a ohain of persons 
in the same manner as the electric shocks if their hands wluch are 
joined be well moistened with salted or acidulated water, to increase 
die oondnctiDg power of the skin. 

As the strongest phases of the shock are the moments of the com- 
mencement and cessation of the current, any expedient which pro- 
duces a rapid intermission of the current will augment its physiolo- 
gical effect. This may be accomplished by various simple mechanical 
expedients, by which the contact of the conductors connecting the 
poles may be made and broken in rapid succession ; but no means 
are so simple and .effectual for the attainment of this object, as the 
contrivances for the production of the magneto-electric current de- 
scribed in (1981), which, in fact, is exactly the rapidly intermitting 
current here required. 

2149. Medical application of the voltaic ihocTc, — The inflnence 
of the galvanic shock: on the nervous system in certain classes of 
malady has been tried with more or less success, and apparatus have 
been contrived for its convenient application, both generally and 
locally, to the system. The most convenient form of apparatus for 
this purpose is Uie magneto-electric machine, represented in^. 624. 
This has been recently improved by certain medical practitioners in 
Paris, where it is extensively used. Expedients are applied to it by 
which the operator can measure and regulate the force of the shocx 
with the greatest certainly and precision. This is accomplished by 
surrounding the arms of the electro-magnet with loose cylinders or 
gloves of thin copper, which may be moved so as to uncoil the arms 
to a greater or less extent, and thus increase or diminish the force 
of the induced current. 

2150. Effect on bodies recently deprived of life. — This class of 
phenomena is well known, and, indeed, was the origin of the dis- 
covery of galvanism. GUlvani's original experiment on the limbs 
of a frog, already noticed rl842), has often been repeated. Bailey 
substituted for the legs or the .frog those of the grasshopper, and- 
obtained the same resi:dts. 

Experiments made on the bodies of men and inferior animals 
recenUy deprived of life have afforded remarkable results. Aldini 
gave violent action in this way to the various members of a dead 
body. The legs and feet were moved rapidly, the eyes opened and 
closed, and the mouth, cheeks, and all the features of the fece were 
agitated by distortions. Dr. Ure connected one of the poles of a 
battery witib the supraorbital nerve of a man cut down after hanging 
. for an hour, and connected the other pole with the nerves of the 
heel. On completing the circuit the muscles are described to have 
been moved with a fearful activity, so that rage, anguish, and despair, 
with horrid smiles, were successively expressed by the countenance. 
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This agency has been used occasionally with success as aa expe- 
dient for restoring suspended animation. 

The bodies and members of inferior animals recently killed are 
susceptible of the same influence^ tibough in a less degree^ The 
current sent through the claw of a lobster recently torn from the 
body, will cause its instant contraction. 

Effect of the shocjc upon a leech, — If a half-crown piece be laid 
upon a sheet of amalgamated zinc^ a leech placed upon the coin will 
betray no sense of a shock, until, by moving, some part of it comes 
into contact with the zinc. The connection being thus established, 
the leech will receive a shock, as will be rendered manifest by the 
sudden recoil of the part which first touches the zinc. 

2151. Excitation of the nerves of taste, — ^If a metallic plate, con- 
nected with one pole of the battery, be applied to the end of the 
tongue, and another wetted with salted water, and connected with 
the other pole, be applied to any part of the face, the metal on the 
tongue will excite a peculiar taste, acid or alkaline, according as it 
is connected with the positive or negative pole. This is explained 
by the decomposition of the saliva by the current. 

2152. Excitation of the nerves of sight, — K a metallic plate, 
wetted with salted or acidulated water, be applied at or near the eye- 
lids, and another be applied at any other part of the person, a pecu- 
liar flash or luminous appearance will be perceived the moment the 
plates are put into connection with the poles of a battery. The sen- 
sation will be reproduced, but with less intensity, the moment the 
connexion is broken. A like effect, but less intense, is produced, 
when the current is transmitted through the cheek and gums. 

2153. Excitation of the nerves of hearing, — If the wires con- 
nected with the poles of a battery be placed in contact with the inte- 
rior of the two ears, a slight shock will be felt in the head at the 
moment when the connection is made or broken, and a roaring sound 
will be heard so long as the connection is maintained. 

2154. Supposed sources of electricity in the animal organizor 
tion, — Although Galvani's theory of animal electricity did not survive 
its author, the supposition that there exists in the organization of 
animals a source of electrical action has never been abandoned. 
Humboldt and Pj&ff discovered traces of electrical development in 
connecting the nerve and muscle of a frog. Eheoscopio tests have 
indicated the presence of a current, when two remote portions of a 
nerve, or of the muscle belonging to it, are brought into connection. 
Dr. Donne of Paris thinks that uiere is a source of electrical excite- 
ment between the inner and outer skins. He placed the inner and 
outer skins of the mouth in connection by a platinum wire, upon 
which the presence of a feeble current was detected by a rheoscope. 
Dr. Wilson Philip showed that in certain cases a voltaic current 
might perform the functions of the nerves. Having destroyed the 
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action of some of the nerves leading to the stomach of a dog, he 
restored their suspended action by connecting the severed ends with 
a voltaic current 

2155. Electrical fishes. — The most conspicuous example of the 
development of electricity in the animal organization is presented by 
certain species of fish. Of these electrical fishes there are seven 
genera : — 

1. Torpedo narke risso. 5. Silums electricus. 

2. '< unimaculata. 6. Tetraodon electricus. 
8. " marmorata. 7. Gymnotus electricus. 
4. " galyanii. 

No observations sufficiently exact and extensive have yet supplied 
the data necessary to determine the source of the vast quantities of 
electricity which these creatures are capable of developing at will. 
There is nothing in the phenomena observed which countenances the 
supposition that the electricity is the result either of mechanical, 
thermal, or chemical causes analogous to those which have been 
already explained. When it is therefore stated to arise from a phy- 
siological action peculiar to the organization of the animal, a name is 
merely given to an unknown agency. In the absence, therefore, of 
any reasonable theory, we are compelled to limit ourselves to a mere 
statement of the phenomena. 

2156. Properties of the torpedo : Observations . of Walsh. — 
According to the observations of Walsh, who first submitted this 
animal to exact inquiry, the following are its effects : — 

K the finger or the palm of the hand be applied to any part of the 
body of the animal out of the water, a shock will be felt similar to 
that produced by a voltaic pile. 

If, instead of applying the hand directly, a good conductor, such 
as a rod of metal several feet in length, be interposed, the shock will 
still be felt. 

If non-conductors be interposed, the shock is not felt. 

If the continuity of the interposed conductor be anywhere broken, 
the shock is not felt. 

The shock may be transmitted along a chain of several persons 
with joined hands, but in this case the force of the shock is rapidly 
diminished as the number of persons is increased. In this case the 
first person of the chain should touch the torpedo on the belly, and 
the last on the back. 

When the animal is in the water, the shocks are less intense than 
in the air. 

It is evident that the development of electricity is produced by a 
voluntary action of the animal. It often happens that in touchiDg it 
no shock is felt. But when the observer irritates the animal, shocks 
of increasing intensity are produced in very rapid succession. Walsh 
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counted as many as fifty electrical discharges produced in this way in 
a minute. 

2157. Observations of Becquerel and Breschei. — In a series of 
observations and experiments made on the torpedos of Chioggia near 
Venice by MM. Becquerel and Breschet, it was ascertained that 
when the back and belly were connected by the wires of a sensitive 
rheoscope, a current was indicated as passing from the back to the 
belly. They also found that the animal could at will transmit the 
current between any two points of its body. 

2158. Observations of Mattetuxd. — In a series of experiments 
made on the torpedos of the Adriatic^ M. Matteucci confirmed the 
results obtained by MM. Becquerel and Breschet, and also succeeded 
in obtaining the spark from the current passing between the back 
and belly. 

2159. The dectric organ, — ^In the several species of fish endowed 
with this quality, the structure of the organ in which the electric 
fluids are developed is alike, difiering only in its form, magnitude, 
and position. In the torpedo, which has been submitted to the most 
rigorous examination, it consists of two parts symmetrically arranged 
at each side of the head and resting against the gills. They fill all 
the thickness which separates the two coats of the skin. On dis- 
section it is proved to consist of an extremely open cellular tissue, 
having the form of a cylinder, or, more exactly, that of a five or six- 
sided prism. It has been compared to the cellular structure of the 
honeycomb, only that the partitions, instead of being thin membranes, 
are fibres separated and extended in different directions. 

Four or five hundred of these prisms are commonly counted in 
each organ. Hunter in one case found 1182. They are nearly at 
right angles to the surface of the skin, to which they are strongly 
attached at the ends. When the structure of each of these prisms 
is examined, they are found to consist of a multitude of thin plates 
whose planes are perpendicular to the axis of the prism, separated 
from each other by strata of mucous matter, and forming a combina- 
tion resembling the original galvanic pile. 

Four bundles of nerves of considerabl^^olume are distributed in 
the organ, and, according to Matteucci, the seat of the electrical 
power is at their origin. 
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Absobpixon of heat, 1S9. 

AconiQ Unea, 207; America]i» 907; Asiatie, 
907. 

Air, rarefied, a conductor of electricity, 290. 

Alcohol, cooffelatioQ of, 94. 

AUoya, liquefaction oC 88. 

Ampere, method to revarfle-galyaaic. current, 
317; apparatus for supporting movable 
currents, 317; method of exhibiting revo- 
lution of galvjtnic current round a magniet, 
331 ; electro-magnetic rectangle, 360. 

Animal beat, 143. 

Animals, wool and fur o^ their uses, 120. 

Anion. 308. 

Annealing, use of, 08. 

Anode, 397. 

Appendix on Heat, 193. 

•Arago's electro.mag netic reseaschea, 3fi0. 

Armatures, ^18. 

Armstrong's hydro-electrical madiiaei, 240. 

Astatic needle, 320. 

Athermanous media, 131. 

Atmosphere, low temperature ofv superior 
strata of, 71; noB>-conductor of electricity, 
230. 

Attraction, magoe^tie, 190; electric, 222, 206. 

Aurora borealls, iafluance of oa magnetic 
needle, 213. 

Austral fluid, 102^ 

Axis, magnetic, 191; of ciicalatiuBg galvanic 
current, 334. 

Azimuth compaw, 20ft. 

Babbaae'a electro^magnetic researches, 360. 
Ba^ration's galvanic system,. 302. 
fiain'ft electro-chemical telegraph, 433. 
Balance-wheels, compensation o^ 51. 
Bar, magnetic, 198. 

Battery, electric, 258; voltaic, 299, 440. 
Becquerel's galvanic sysuas, 303; electto- 

chemical researches, 407. 
Bells, electric, 271. 
Birds, plumage of, its uses, 120i 
Blood, temperature of in human species, M3. 
Boiling-point, 33, 110. 
Boreal fluid, 1^^. 
Buildings, metallic, 48; wanning, 57, 64, 

116; ventilation of, 57. 
Bulb, thermometric, 30; liable to permanent 

change of capacity, 37. 
Bunsea's galvanic battery, 299. 

Calcium, 418. 
Caloric, 88. 



Calorimeter, 66. 

Calorimetry, 64 ; method of solving calori- 

metric problems, 66. 
Cavendish's electric barometeri %1. 
Centigrade scale,. 34. 
Chemical effects of electricity^ 286* 
Chemistry, electro-, 387. 
Children's great galvanic plate pile, 310» 
Circuit, voltaic 315. See JE/ec<nct(y, 
Clothing, its properties, 121. 
Cold, greatest natural, 94. 
Combustibles, 26, 139; illuminating power 

of, 140; oonstituenta of, 140; quantity of 

heat developed by^ 141. 
Combustion, 26, ]38; agency of oxygen in, 

26; combustibles, 139 ^ explained, 139; 

temperature necessary to produce, 140; 

illuminating power of oomhustibles, 140; 

constituents of combustibles, 140. 
Compass, azimuth, 202 ; DMUCiner's* 202. 
Compensators, 48. 
Compressioa of vapour, U)7. 
Coercive force, 19&.. 
Coin, why stamped, not cast, 90. 
Condensation, S^ 99; ofvapQurv 115. 
Condenser, electric, 214; principle of, 245; 

fbrm of Cttthbertfloa's. 247. 
Conduction, heat, 27« 117; electf ifiitji 228 ; 

magnetic, 117 ; etectrio, 228. 
Copductibility, 27. 
Conductors, heat, 27; good and bad, 117; 

electric 228,262; connecting: galvanic ele- 
ments, 309. 
Congelation, 26, 83; latest heat- rendered 

seosifate by, 8t, points o488; of alcohol, 

94. 
Contraction, 25, 50; of solids, 47; of meieury 

in cooling, 90. 
Coulomb's electroscope, 250. 
Couionne des tasses, 307. 
Crosse's electro-chemical researches, 407. 
Cruikshank's galvanic arrangement, 307. 
Currents, atmospheric cause of, 60 ; voltaic, 

ai3. Bee £teCriei(|r ; — rectilinear, 316; 

indefinite, 316; closed, 316; circular or 

spiral, 316; circulating, 333; spiral and 

heliacal, 335; thermo-electric, 389. 
Cuthbertson's electric condenser, 247. 

Dance, electric 272. 

Daniel's constant galvanic battery, 300, 311. 

Davy, galvanic pile, 310; experiments in 
electro-chemistiy, 410; method of preserv- 
ing copper sheathing, 420. Bee EUeirieitif. 
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DecliDation, 904; in different longitade«» 
207; obMrved at Paris, 210. 

Deflagrator. galvanic, 310, 436. 

Delarive'B floating electro-niagnetie appara- 
tus, 336. 

Deluc'8 galvanic pile, 311. 

Density, effect or relation of different strata 
of same liquid, 62; relation of specific beat 
to, 70. 

Dew, principles of, 137. 

Diathermanous media, 27, 131. < 

Dilatation, 25, 50; of mercury, rate of, 36, 
of solida, 43; of gases, 51 ; of gases differs 
with change of pressure and temperature, 
54: of liquids, 61 ; rates of, of liquids. 61. 

Dip, lines of equal, 206 ; local, 208 ; observed 
at Paris, 210. 

Dipping-needle, 203. 

Discharging-rod, 242. 

Distributor, electro-magnetic, 351. 

Dutch tears, 98. 

Earth, temperature ofglobe of, 123 ; analogy 
of, to magnet, 200,2^; direction of mag- 
netic attraction of, 362; magnetism, 384. 

Ebullition, 110. 

Electrical attractions and repulsions, 222. . 

Electrical machines, 237. See JlfaeAan««. 

Electric lamps, 440. 

Electric light, 439. 

Electricity, 222; attraction and repulsion, 
222; origin of name, 222 ; fluid, 223; posi- 
tive and negative, 223 ; single electric fluid, 
S224; two fluids, 224; vitreous and resinous 
and positive and negative fluids, 224; de- 
veloped by various bodies, 225; positive 
and negative substances, 227; method of 
producing by glass and silk, ^7; conduc- 
tion, 228; conductors and non-conductors, 
228; insulators, 229, insulating stools, 
229; induction, 233; electrical machines, 
S37; condenser and electroptiorous, 244; 
dissimulated or latent, 246 ; free, 246; elec- 
troscopes, 249; Leyden jar, 252; charging 
a series of jars by cascade, 258; electric 
battery, 258; laws of electrical forces. 261 ; 
proof plane, 5M1; electrical orrery, 266; 
mechanical eflfects of, 266; attractions and 
repulsions of electrified bodies. 266 ; elec- 
trical bells, 271; electric dance, 272; elec- 
trical seesaw, 273; thermal effects of, 273; 
ignition of metals, 274 ; electric pistol, 275 ; 
gunpowder exploded. 276; Kinnersley's 
electrometer, 278; luminous effects of, 
276; electric spark, 278; imitation of au- 
roral light. 280; Leichtenberg's figures, 
380; experiments, indicating difference be- 
tween the two fluids, 281; Cavendish's 
electric barometer, 281 ; thermal hypothe- 
sis, 282; physiological effects of, 966; che- 
mical and magnetic effects of, 286 ; Vol- 
taic, 288; discovery of galvanism, 288; 
contact hypothesis of Volta, 290 ; electro- 
motive force, 290 ; classification of bodies 
as to electro-motive property, 290 ; electro- 
motive action of gases and liquids, 292 ; 
polar arrangement of fluids in electro-mo- 
tive combinations, 394 ; positive and neira- 
tive poles, 294; Volta's first combination, 
297; Wollaston's combination, 297; Hare's 
spiral arrangement, 297; cylindrical com- 
bination with one finid, 298; with two 
fluids, 299; Grove's battery, 299; Bunsen's 



battery, 299; Daniers constant batterir» 
300; Pouillet's modification, 300; Sn>ee*s 
battery, 301; Wheatstone's system, 301; 
Bagration's system, 302; Becquerers sys- 
tem, 302 ; ScbBnbein's modification of Biia- 
sen's battery, 302; Grove's gas eieetro- 
motive apparatus, 303 ; Volta*s invention 
of the pile, 303; Couronne des lasses, 307.; 
Cruikshank's arrangement, 307; Wcrtlas- 
ton's arrangement, 307; heliacal pile of 
Faculty of Sciences at Paris, 306; condoct- 
ors connecting the elements, 309 ; memo- 
rable piles, 310; Davy's pile, 310; Napo- 
leon's pile, 310; Children *s great plate bat- 
tery, 310; Hare's deflagrator, 310; Stra- 
tingh's deflagrator, 311 ; Pepys's pile, 311; 
batteries on Daniel and Grove*s principles, 
311 ; dry piles, 311 ; Delac's pile, 311 ; Zam- 
boni's pile, 312 ; piles of a single metal, 
312 ; Ritter's secondary piles, 312; Voltaic 
currents. 313; direction of current, 314; 
poles of pile, 814; voltaic circuit, 315; 
method of coating conducting wires, 317; 
supports of wires, 317—319; Ampdre"!! 
method to reverse current,317; Pohl's rheo- 
trope, 318; electrodes, 319; Ampere's ap- 
paratus for supporting movable currents, 
319; reciprocal influence of rectilinear 
currents and magnets, 320; electro-mag- 
netism, 321 ; efiect of shock on bodies re- 
cently deprived of life, 442 ; on a leech, 
443; excitation of nerves of taste, 443; 
of nerves of sight, 443 ; of nerves of bear- 
ing, 443 ; supposed sources of electricity ia 
animal organization, 443; electrical fishes, 
444; properties of the torpedo, 444; the 
electric organ, 445. 
Electricity, thermo-, 389; thermo-electric 
current, 389 ; Pouillet's thermo-electric ap- 

Saratus, 391 ; conducting powers of metals, 
93; thermo-electric piles, 395; electro- 
chemistry, 397 ; electrolytes and electroly- 
sis, 397; Faraday's electro-cbemical no- 
menclature, 397; positive and negative 
element, 397; electrolysis of water, ^; 
Mitscherlich's apparatus, 400 ; compounds 
susceptible of electrolysis, 405; electro- 
negative bodies, 405; electro-positive bo- 
dies, 405; researches of Becquerel and 
Crosse, 407; Faraday's voltameter, 408; 
Faraday's law, 409; Sir H. Davy's experi- 
ments, 410; Faraday's doctrine, 412, 413; 
Pouillet's observations, 414; Davy's expe- 
riments conflrmed by Bec'querel, 415; li- 
quid electrodes, 416; electrolysis of the al- 
kalies and earths, 418 ; the series of new 
metals, 418; SchSnbein's experiments on 
the passivity of iron, 418; tree of Saturn, 
420 ; Davy's method of preserving copper 
sheathing, 420; calorific, luminous, and 
physiological effects of voltaic current, 
435; Hare and Children's deflagrators, 436; 
WoUaston's thimble battery, 436; Jacobi's 
experiments on conduction by water, 437; 
combustion of the metals, 438; electric 
light, 439; electric lamps, 440. 

Electrodes, 319, 397. 

Electro-chemistry, 397. 

Electrolysis, 397; compounds, susceptible of, 
405. 

Electrolytic classification of the simple bo- 
died, 405. 

Electrolytes, 397. 
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Eleetro-mafnetfl, 346. 

Electro-ma/^netism : apparatus to ezbibit 
direction of force inipressed by a rectili- 
near current on a magnetic pole, 334; 
apparatus to measure intensity of sucb 
force, 335 ; apparatus to illustrate electro< 
magnetic rotation, 339 ; Ampere's method, 
331; reciprocal influence of circulating 
currents and magnets, 333; circulating 
current, 333; axis of current, 334; spiral 
and heliacal currents, 335 ; Ampdre's and 
Delarive's apparatus, 336; instable equi* 
librium of current, 336; right-banded and 
left-banded helices. 339; electro-magnetic 
induction, 343; Savary's experiments, 
345; electro-magnets, 346; electro-mag- 
netic power employed as a mechanical 
agent, 347 ; electro>motive power applied 
by M. Froment, 348; electro-motive ma- 
chines constructed by him, 349; djstribu« 
tor, 351; regulator, 353; use of a contact 
breaker, 357 ; magneto-electric machines, 
357; effects of momentary inductive cur 
rents produced upon revolving metallic 
disks, 360; researches of Arago, Herschel, 
Babbage. and Faraday, 360; influence of 
terrestrial magnetism on voltaic currents, 
363 ; direction of earth's magnetic attrac- 
tion, 363; Pouillet's apparatus to exhibit 
effects of earth's magnetism, 364; Am- 
pere's rectangle, 369 ; reciprocal influence 
of voltaic currents, 370, voltaic theory of 
magnetism, 384 ; rheoscopes and rheome- 
ters, 386 ; differential rheometer, 388. 

Electro-magnetic induction, 343. 

Electro-melallurgy, 434; production of me- 
tallic moulds, 436; production of objects 
in solid metal, ^6; reproduction of stere- 
otypes and enjppraved plates, 437; metal- 
lizing textile nbrics, 437; g]yph(^rapby, 
438 ; reproduction of Daguerreotype, 438. 

Electro-motive force, 390. 

Electro-negative bodies, 405. 

Electro-positive bodies, 405. 

Electrophorus, 344 —348. 

Electroscopes, 349; pith-ball, 349; needle, 
350; Coulomb's, 350; quadrant, 350; gold 
leaf, 351 ; condensing, 351. 

Electro-telegraphy, 438; conducting wires, 
439; earth best conductor, 439; telegra- 
phic signs, 430; Morse's system, 433; 
electro-chemical telegrapha, 433; Bain's 
telegraph, 433. 

Element, positii^e, 397; negative, 397. 

Equator, magnetic, 187, 306. 

Evaporation, 99; mechanical force deve- 
loped in, 104 ; heat absorbed in, 114. 

Faraday's electro-magnetic researches, 360 ; 
electro-chemical nomenclature, 397; vol- 
tameter, 408; electro-chemical law, 409. 
See Eltetricity. 

Fire-eaters, feats of, explained, 151. 

Fire-places, 58. 

Fire-syringe, 70. 

Fishes, electric, 444. 

Flame, 139. 

Fluid, magnetic, 193 ; electric, 333; positive, 
335; negative, S35; vitreous, 335; re- 
sinous, 235; experiments indicating spe- 
cific difibrence between two electric, ^1. 

Fluxes, 95; principle of, 95; application, 95. 

Foreei (electrical), laws of, S61. 
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Freezing mixtures, 91, 93; apparatni, 98. 

French metrical system, 03. 

Froment's electro-magnetic machines, 348. 

Frost (hoar), principles of, 137. 

Fusion, 36; latent heat of, 85; points of, 85; 
substances which soften before, 91; in- 
fusible bodies, 95. 

Galvanism, 390. 

Galvanometer, 387. 

Gases, dilatation of, 51 ; liquefaction of, 71. 
108; permanent, 108; solidification o^ 
108; under extreme pressures, 110; non- 
conductors of heat, 119. 

Graduation of thermometers, 33; of pyro- 
meters, 40. 

Gravity, specific, of liquid. 61. 

Grove's galvanic battery, 399, 311; gas 
electro-motive apparatus, 303. 

Hare's deflagrator, 310. 

Hare's spiral galvanic arrrangement, 397. 

Harrison's pendulum, 49. 

Heat, 35, 38; sensible, 35; insensible, S5t 
latent, 35, 80, 113; heating liquid, 63; 
does not descend in liquid, 63 ; propagation 
of, through liquid by currents, 63 ; quan- 
titative analysis of, 64; specific, 65, 74; 
uniform and variable, 65; development 
and absorption of by chemical combina- 
tion, 73, 138 ; specific of simple gases equal 
under same pressure, 73; relation between 
specific and atomic weight, 73; rendered 
latent In liquefaction, 80; latent rendered 
sensible by congelation, 81; latent, of 
fusion, 85; absorbed in evaporation at 
different temperatures, 114; radiation o^ 
134; reflection of, 137, 134; absorption of, 
139; transmission of, 131; decomposition 
of by absorption, 133; refraction of. 134; 
polarization of, 134; quantity of deve- 
loped by combustibles, 141; animal, 143; 
experiments to ascertain rate of develop- 
ment of animal, 147; total quantity of 
animal explained by chemicaQaws, 148; 
sensation of, 149; touch, fallacioUB mea- 
sure of, 149. 

Heliacal galvanic pile of Paris, 308. 

Helices. See EltetrUily, 

Herschel's electro-magnetic researches, 360. 

Hydraulic press, Britannia bridge, casting 
04 133. 

Ice, method of preserving, 181 ; productios 

of artificial, 98, 138. 
Incandescence, 36. 
Induction, magnetic, 194; electric, 833; 

effects of, 314 ; electro-magnetic, 343. 
Influence of voltaic currents and magnets, 

331. 370. 
Influence of terrestrial magnetism on vol> 

taic currents, 363. 
Infusible bodies, 95. 
Inlaying, metallic, 48. 
Insulating stools, 389, 343. 
Insulators, 339. 
Isogenic lines, 308. 

Jacobi's experiments on electric conduction 
by water, 437. 

Kathion, 39& 
Kathode, 398. 
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Keeper*, S18. 

Kinneriley'e electrometer, S76. 

Lamp, Argand, 99; eleetrfe, 440. 

Laplace*! calorimeter, 06. 

LaToiBier*e calorimeter, 66. 

Leyden Jar, S52 ; improved form of, 2S7. 

Light, aolar, thermal analytls of, 124; phy« 
Bical analysis of. 135 ; electric. 439. 

Lines of equal dip, 906; agonic, 907; iso^ 
gonic, 906; isodynamic, 311. 

Liquefkction, 90, 83; of gases, 71, 109; ther- 
mal phenomena attending, 79; facility of 
proportional to latent heat, 87 ; of alloys, 

Liquids, dilatation of, 61; eflEeeU of temper- 
atures of diflbrent climates on, 116; non« 
conductoni of heat, 119; materials fitted 
for vessels to keep warm, 135. 

Loadstone. J87. 

Liiminoiis effects of electricity, 976. 

Bfachinee, electrical, 937; parts of, 937; 
common cylindrical, 937 ; Nairne*s cylin- 
der, 939; common plate, 939; Armstrona's 
hydro-electrical, 240; appendages to, 9tt. 

Magnetic effects of electricity, 986. 

Magnetism, 187; equator, 187, 906; poles, 
187; pendulum, 188; attraction and re- 
palsioR, 100; axis, 19]; boreal and aus- 
tral fluids, 199; coercive force, 193; sub- 
stances, 193; induction, 194; decomposi- 
tion of fluid, 196; effects of lieat on, 198; 
terrestrial, 900; meridian. 904, 206 ; decli- 
nation or variation, 904; variation of 
dip, 906; lines of equal dip, 206; agonic 
lines, 907; isogonic lines, 908; local dip, 
906; tlbsition of magnetic polee, 9097 in- 
tensi^ of terrMtrial, 910; isodynamic 
lines, 211; diurnid variation of needle, 
S12; influence of aurora borealis, 213; 
voltaic theory o^ 384. See EleOrteitf. 

Magnetization, 914; effiBCts of induction, 
914 ; method of single touch, 915 ; of double 
teveh,9l6; magneticeaturation, 217 ; limit 
of magnetic force, 217 ; effects of terres- 
trial magnetism on bars, 218 ; armatures 
or keepers, 218; compound magnets, 919; 
influence of heat on magnetic ban, 220; 
astatic needle, 990. 

Magnets, electric machines, 357. See Elec' 
trieitff. 

Magnets, natural, 187; artiflcial, 187, 914; 
compound, 198, 919; with consequent 
points, 200; best material, form, and me- 
thod of producing artificial, 214 ; electro- 
magnet, 346. See EUectrieity, 

Marble, fiisible, 96. 

Mariner's compass, 202. 

Matting on exotics, its use, 191. 

Mechanical effects of electricity, 266. 

Melloni's thermoscopic apparatus, 131 ; ther- 
mo-electric pile, 396. 

Mercury, preparation of, fbr thermometer, 
30; introduction in tube, 31 ; rate of dila- 
tation of, 36 ; qualities which render it a 
convenient thermoscopic fluid, 37. 

Meridian, magnetic, 904, 206; true, 204; ter- 
restrial. 204. 

Metals, weldable, 91 ; ignition of, by electri- 
city, 274; electric conducting power of, 
393; new, 418. 



Mitae1ierUch*8 electro-etaeinifltf wqppmxmtMU^ 

400. 
Moisture, deposit of ob window^ 138. 
Moulda ibr casting metal, 47 ; 

lurgio, 496. r 

Morse's electric telegraph, 433. 
Moltaplier, electro-magnetic^ 387. 

Nairae's cylinder electrical naadiiBe, 939. 

Napoleon, galvanic pile, 310. 

Needle, magnetic 198 ; dipping, 203 ; dSaroal 
variation of, 919; influence of auiDta bo- 
realis on, 913; astatic, 290. 

NobiU's rheometer, 388 ; tliermo-eleetrio pile, 
396. 

Non-conductors, electric, 898. 

Oils, congelation of, 90. 

Orrery, electric, 966. 

Oxygen, its agency ia eombaatioB, ISR 

Pendulum, compensating, 48; IllBiiiiw ^ 
gridiron, 49 ; magnetic, 188. 

Pepys' galvanic pile, 311. 

Physiological effects of electricity, 28C 

Phospiiorus, congelation of, 90. 

Piles, galvanic. See JSIseeHeity. — n^efso- 
electric, 395. 

Pistol, electric, 975. 

Platinum rendered incandescent, 14L 

Pohl*s rheotrode, 318. 

Point, standard, in thermometer. 33; fiees- 
ing, 33; boiling, 33, 110; of IhsioD, 85; of 
congelation, 88; consequent, 900; electric 
conductors with, 963; eoneequeoi, electro- 
magnetic,' 344. 

Polarization, heat, 134. 

Poles, magnetic, 187, 904 ; position of mag- 
netic, 5209 ; electric, positive and oegMive, 
994; of galvanic pile, 314. 

Potassium, 418. 

Pouillet's modification of Daniers batteiy, 
300 ; apparatus to exhibit eflfects of earths 
magnetism, 364; thermo-electric apffan^ 
tus, 391. 

Pressure, 51. 

Proof-plane, 961. 

Pyrometer, 27, 39; gradttatfon of, 40. 

Radiation, 27, 194; rate of, 138; intensity 
of, 128; influence of surfioe on, 128; ra- 
diating powers, 129. 

Reaumur's scale, 34. 

Red-hot, 26. 

Reflection, heat, S8, 197, 134; reflecting 
powers, 129. 

Refi-action, heat, 28, 134; light, 137. 

Refractory bodies, 88. . 

Regnanlt's tables of speciflc neat, 74. 

Regulator, electro-magnetic, 353. 

Repulsion, magnetic, 190 ; electric, 223, 966. 

Rheometer, 386; differential, 388. 

Rheoscope, 386. 

Rbeoscope, Pobl's, 318. 

Ritter, secondary galvanic piles,, 315L 

Rod (discharging), 942. 

Roofs, metallic, 4B. . 

scale: thermometric, 32; centigrade, 34; 

Reaumur, 34. 
Scbdnbein's modiflcation of Hansen's bai> 

tery, 309 ; experiments on the passivity of 

iron, 418. 
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Sensation of heat, 149. 

See-nw (electric); 273. 

Bilicium, 418. 

Simple voltaic combination, 388. 

Smee's galvanic battery, 301. 

Snow, perpetual, line of, 71; effect of on 

Boil. 131. 
Sodium, 418. 
Solar light. 1S4. 

Solids, dilatation of, 43; contraction of, 47. 
Solidification, 86, 79 ; of gases, 108. 
Sonometer, application of electro-magnetic 

machine as, 353. 
Specific heat, 65 ; relation of to density, 70. 
Standard points (thermometer), 32. 
Steafti, high pressure, expansion of, 71. • 
Steel, tempering, 98. 
Stools, insulating, 229, 842. 
Stoves, 58 ; unpolished, advantage of, 136. 
Stratingh's galvanic deflagrator, 311. 
Structures, metallic, 48. 
Substances, magnetic, 193. 
Sulphur, Aision of, 88. 
Syringe, fire, 70. 

Temperature, 89, 51 ; methods of computing 
according to different scales, 34 ; of great- 
est density, 62; method of equalization of, 
68; in liquids and gases, 119; of globe of 
earth, 123 ; necessary to produce combus- 
tion, 139; of blood in human species, 143; 
of blood in animals, 145. See H«at. 

Terrestrial magnetism, 200; influence of on 
voltaic currents, 362. 

Thermal unit, 65. 

Thermo-electricity, 394. See Elwtrieity, 

Thermometer, 27; mercurial, 29; tube, 30; 
bulb, 30; self-registering, 38; spirit of 
wine, 38; air, 38; diflisrential, 39. 

Thermometry, 29, 65. 

Thermoecopic bodies, 37, 89; apparatus, 
131. 

Torpedo, electrical properties of, 444. 

Tree of Saturn, 480. 

Tube (thermometric), 30. 



Unit (thermometric), 33; thermal, 65. 

Vaporization, 26, 99. 

Vapour, 99 ; apparatus for observing proper- 
ties of, 99 ; elastic, transparent, and invi- 
sible, 100 ; how pressure of indicated and 
measured, 101; relation between its pres- 
sure, temperature, and density, 102; me* 
chanical force of, 104 ; dilatable by heat, 
107 ; properties of super-heated, 107 ; can- 
not be reduced to liquid by mere compres- 
sion, 107 ; compression of, 107; latent heat 
of, 112. 

Variation, 804; diurnal, of needle, 313. 

Ventilation of buildings, 57. 

Voltaic battery, 303. See Eleetrieily. 
Voltaic currents. 313, 370. 
Voltaic electricity, 888. See Eleetrieity. 
Volta's first galvanic combination, 897; in- 

vention of the pile, 303. 
Voltaic piles, 303. 
Voltaic theory of magnetism, 384. 
Voltameter (Faraday's), 408. 

Warming buildings, 57. 64, 116. 

Water, solidification of, 79; liquid below 
389, 83; pressure, temperature, and den- 
sity of the vapour of water, 103 ; vapour 
produced firom at all temperatures^ 103; 
mechanical fbrce of vapour of, 104 ; tem- 
perature, volume, and density of vapour 
of, corresponding to atmrapheric pres- 
sures, 106; latent heat of vapour of, 114, 
115 ; a conductor of electricity, 330 ; com- 

W[>oiition of, 398 ; electrolysis of, 398. 
eight, atomic. 73. 
Wheatstone's galvanic system, 301. 
Wine-coolers. 123. 
Wires (electric), 317, 319. 
Wollaston's galvanic combination, 897, 307; 
thimble battery, 436. 

Zamboni's galvanic pile, 312. 
Zero of thermometric scale, 32, 33. 
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▲ NBW TEXTBOOK OV NATUBAI. ;PHII.QS0PB7.. 

HANDBOOKS 

OF NATURAL PHiLOSOPHY AND ASTReNOMY. 

BY DIONYSIUS LARDNER, LL.D., ETOC 

FIRST COtTRSXC) contalnihs 

Mechanics^ Ilydmtatics, Hydraulics, Fnenmatlcs, Sound, and Optiei. 

Ift one large royal' ISmo. volume of 750 pages, strongly boond in leather, with 

over 400 wood-cuts, (Just Issued.) 

THB SBCOIVD COUR8B, embracliiiff 

HEAT, MAGNETISn, ELECTRICITY, AND GALTANISI, 

or about 400 pages, and illustrated with 250 cuts, is just ready. 

THR THIRD COURSR, constituting 

A COMPLETE TREATISE ON ASTRONOMY 

THOHOVOHLT ILLUSTRATED, IS IV FREPAHATION FOR SPEEDY PUBLICATIOlf. ^ 

The intention of the atithor has been to prepare a work 'Which thoald embrace the 
principles of Nntarai Philosophy, in their latest state of scientific development, divested 
of the sbstruseness which renders them unfitted for the younger stadenti amlaiAhe swiniB 
time illusirated by numerous practical applications in every branch of art and science. 
Dr. Lardner's extensive acquirements in all depsrtments of human knowledge, and his 
well-known skill in popularizing his subject, have tbuseiiabUd him to present a text- 
book which^ though strictly scientific fn its groundwork, is yet easily mastered by the 
student, while calculated 4d interest the mind, and awaken the atteuiioii.by sbowUig^ihe 
importance of the principles discussed, and the manner in which they ma/be malre 
subservient to the practical purposes of life. To aecompfieh this still Airth<r> Ike editor 
han added to each section a series of example!>, to be worked out by the learner, thus 
impressing upon him the practical importance and variety of the reiults to be obtained 
from the general laws of nature. Thesutject is still further simplified by the very large 
number of illustrative wood-cuts which are scattered throuj^li the volume, maki A plain 
to the eye what might not readily be grasped by the unassisfed mind : and evei^ care 
has been taken to render the typographical accuracy of the v«ork what it %tiou!d be. 

Although the first portion only has been issued, and that but for a few months, yet it 
has already been adopted by utany academies ana colleges of the highest standing and 
jeharacter. A few of the numerous recomn^ndatiQiis with which the work haf be(^< 
favored are subjoined. 

From Frqf, MHHngton, Univ. of Mississippi^ April 10, 18Se. - 

I am highly pleased with its contents and arrangement. It contains a greater number 
of every day usefal practical fkcts and examples than I have ever seen noticed in a 
similar work, and I do not hesitate to say that as a book for teaching i prefer it to any 
other of the same size and extent that I am acquainted with. During the thirteen years 
that I was at William and Mary College 1 had to teach Natttrall%iiokophy, and I should 
have beeu very glad lo have such a text-book. 

From Edmund Stnitki Baitimon, May 10, 1653. 

I have a class using it, and think it the best book of the kind with which I Atn ro- 
quaaated. 

From Ffof. Cleveland^ Pkiladaphia, October 17, 1851. 

I feel prepared to say that it is the fullest and most valuable manual upon the snbject- 
tliat has fallen iznder my notieei and I intend to make it the text book for the firat elate. 
in my school. 

From S. Schooler, Hanover Aeadertiy, Ya.. 

The " Handbooks^' seem tome the best popular treatises on their respective subjects* 
with which! am acquainted. Dr. Lardnec certamly popularizes science, very well| axi^i 
B good text-book" for schools and colleges was not before in existence. - • 

From Prqf, J. S. Henderson^ Farmer^ College^ O , Feb. 16, 1853. . , 

It is an admirable work, and well worthy of public patronage. For eleftrlleM ancb 
fnioeeaUis tmequaUe^by^M^y that Ihaveseeii. , .. , i, -. i :.-.v - \A 



4 BIiAXOUARD &; LEA'S ^UmAOATIO^S.-^^dumtiaAal TToHha.) 
: 30MBRVILLB'S FHTB^AZi aEOOHAPHlT. 

PHYSICAL GEOGRAPaY. 

3Y MARY SOMERVILLE. 

• • . * 

SECOND AUERICAN FROM TIJE SECOND AND KEYISED LONDON EDITION. 

WITH AMIiRrCAN NOTES, GLOSSABY, ETC. 
In one neat royal 12rao. volupie, extra cloth, of over five hundred and fifly pages. 

The great success of this work, and its introduction into many of out higrher schools 
and Hcadftmies. have indaced tfie pahltshers to prepare a new and much improved 
ednioii. In addition to the corrections and improvements of the author bestowed on 
the work in it? pnssa^e through the press a second time In London, notes have been 
introduced to adapt jt more fcrlly to the physical ^eo^raphy of this coontry ; and a 
comprehensive glogsary has been added, rendering- the volume more parlicaiariy snited 
to educational purposes. The amount of ihe$e additions may be understood from the 
fact, that not ouly bas the- size of the pages been iucrefveed} but the voiiune itself en- 
larged by over "one hundred and Cfiy pages.' 

Our praise comes lagging in the rear, and is wellntgh superAuous. But 'we are 
anxious to recommend lo our youth ih? eiiljjrged m^ihqd of smdying gec^fraphy which 
her present work ^Jeraonsirnies to he as captivating as it is instructive. We hold 
sttch presents as Mrs. 8omerville ha:* bestowed upon the puhliCi^tobe of inealcaiabte 
value, disseminating more soujid information than all the literary and scientific insti- 
tuliona will accomplish in a whole cycle of their existenee. — Jtlaekwood'a Mageuiins. 

From Thomas Shertoin, High School, Boston. 

I hold it in the highest e8timati(», and ara confideiH that it will prove a very efficient 
aid in the education of the young, and a source of much interest and instiuciion to the 
adult reader. 

From Erastus Everett, High School, New Orleant. 

I have examined it with a good deal of care, and ara RJad to find that it supplies an im- 
portant desideratum. The whole work is a masterpiece. Whether we examine the 
importance of the suhjects treated, or the eleg^iit and aiiractive lAylein which they are 
presented, tfaiy work leaves* nothini^ 4o desire. I have inlrodaced it into rny schoo/ ibr 
the use of an advanced olass in geography, and they are greatly interested iu it. I have 
no doubt that it wtUlte uiied in most of oar higher seinlnafieA. 

Frmrt TT: Smj/tk, Osicegpo AjBodemy. 

So much important', accurate, and cfeneral information I have never acen in a volume 
of its extent. In fine, 1 believe it (p be a work which will 0000 take a high place in the 
academies and colleges of America, as well as in the libraries of every individual de- 
sirous of accurate information reppecling^ the planet on which we dwett. 1 have reeom* 
mended it to tbo<ie connected with the Uislrlct SSchool Libraries, for which 1 consider it 
exceedingly well adapted. 



JOHNSTON* S PHYSZGAZ^ ATIiAS. 

THE PHYSICAL ATLAS 

OF NATURAL PHENOMENA. 

FOR THE USE OF COLLEGES, ACADEMIES, AI^D FAMILIES. 

BY ALEXANDER KEITH JOHNSTON, F. R. G. S., F. O. 8. 

la one large volume*, imperial quarto, liaiidsomely and strongly bound. With 
twenty-six plates, engra^d and colored in the best style. Together 
' wilh one hundred and twelve pages of Descriptive Letter-press^ 

and a very copioas Index. 

A work which should be in every family and every school-room, for consultation and' 
reference. By the ingenious arrangement adopted by the author, it makes clear to the 
eye every fact and ot>9ei^v|ittori relaiive^-to the nresent -oondithni of The earth, arranged 
under the departments 6rOeolog)-,"Hyai'6orapny,'Metebroibgy, and Natural History. 
The letter-press illustrates this with a body of important information, novi^here el6e 10. 
be found cduOenjied into Uve ^axUS) space,, while a very full ludejc renders the whole 
easy of reference.. 



BLaNCHaBD & LEA'8 PUBLICATIONS.— (^rft#ftrfi«m»/ Woria,) 5 
SCHMITZ AND ZUMFFS CLASSICAL SERIES. 

Under this title Blancbakd & Lca ard publishing a series of Latin School- 
Books, edited by those distinguished scholars and critics, Leonbard Schmits 
and C. G. 2iimpt. The object of the series is to present a courtre of accurate 
texts, revised in accordance wiih the latest investigations and MSS., and the 
rhost approved principles of modern criticism, as Well as the necessary eleoient- 
arj books, arranged on the best systeoi of modern instruction. The former are 
accompniiied with notes and illustrations introduced sparingly, avoiding on the 
one hand the eft6t of oiretburdening the work with commentary, and on the oUier 
that of leaving the. student entirely to his o^n resources. The main object baa 
been to aw^iken the scholar's mind to a sense of the beauties and peculiarities 
of his author, to assist him where assistance is necessary, and to lead him to 
think and to investigate for himself. For this purpose maps and other en- 
gravings are given wherever useful, and each author is accompanied with a 
biographical and critical sketch. The form in which the volumes are printed 
is. neat and convenient, while it admits of their being sold at prices unpre- 
cedentedly low, thus placing them within the reach of many to whom the cost 
of classical works has faitberto proved a bar to this department of education ; 
while the wJioJe series being arranged on one definite and uniform plan, enables 
the teacher to carry forward his student from the rudiments of the language 
without the annogranc^ and interruption caused by the necessity of using tiextr 
books founded on varying mnd conflicting systems of study. 

CI^AS^CAI. TBXT^ PUBI^ISHED IN THIS SBBIES. 

I. CiESARIS DE BBLLO GALUCO LIBRI IV., 1 vol. royal l8mo., extra 
cloth, 332 pages, with a Map, price GO cents. 

n. C.C. SALLUSTII CATtLlNA ET JUGURTHA, 1 vol. royal l8mo., extra 
cloth, 168 pages, with a Map, price dO cents. 

III. P. OVIDII NASONIS CARMINA SELECTA, 1 vol. royal 18mo., extra 
cloth, 246 pagea, price 60 eeats. 

IV. P. VIRGILII MARONIS CARMINA, I vol. royal l8mo., extra cloth, 438 
pages, price 75 cents. 

V. Q. HORATII FLACGI CARMINA EXClglRPTA, 1 voL royal 18mo., extra 

cloth, 312 pages, price 60 cents. 

VL Q. CURTII RUFI DE AtEXANDRI MAGNI QJJM SUPERSTJNT, I 
vol. royal 18mo., extra cloth, 326 pages, with a Map, price 70 cents. 

VII. T. LtVII PATAVINt HIStORlARUM LIBRI I., It, XXI., XXII., I 
vol. royal 18mo.,ex. cloth, 330 pages, with two colored Maps, price 70 cents. 

VIII. M. T. CIC^RONIS ORATIONE^ SELECTJE XII., 1 vol. royal 18mo., 
extra clotk, 300 pagea, price 60 cents. 

BI4BBIEKTAKV WORKS PUBI^ISHE^ IN THIS SBRIES. 

I. 

A SCHOOL MCTIONARY OF THE LATIN LANOUAGE. By D». J. H. 
KALtscttMArr. In two parts, Latift-English and English-Latin. 

Part I., Latin-English, of nearly 500 pages, atrongly bound, price 90 cents. 
Part II., English-Latin, of about 400 pages, price 75 cents. 

Or the whole complete in one very thick royal ]8nvo. volume, of nearly 900 
closely printed double-columned pages, strongly bound in leather, 

price only $1 25. 

II. 

GRAMMAR OF THE LATIN LANGUAGE. By Lsonharo Schmit2, Ph. 
D., F. R. S. £., Rector of the High School, Edinburgh, &c. In one hand- 
some vol utne, royal 18mo., of 318 pages, neatly half bound, price 60 oonts 

I* 
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III. 

ELEMENTAHYGRAMMAn AND EXERCISES. ByDa. Leokhahd Schmitz, 
F. R. S. £., Rector of the High School, Edinburgh, &c. In one handsome 
ro^al ISroo. volume of 246 pages, extra cloth, price 50 cents. (Just Issued.; 

PREPARING FOR SPEEDY PUBLICATION. 
LATIN READING AND EXERCISE BOOK, 1 rol., royal l8mo. 
A SCHOOL CLASSICAL DICTIONARY, 1 vol., royal ISmo. 
CORNELIUS NEPOS, with Introduction, Notes, &c., 1 vol., royal ISmo. 

It will thus be seen that this series is now very nearly complete, embracing 
eight prominent Latin authors, and requiring but two more elementary works 
to render it sufficient in itself for a thorough course of study, and these latter 
are now preparing for early publication. During the successive appearance of 
the viiltjmes, the plan nnd execution of the whole have been received with 
marked npprobntion, and the fact that it supplies a want not hitherto provided 
for, is evinced by the adoption of these works in a very large number of the 
best academies and seminaries throughout the country. From among several 
hundred testimonials with which they have been favored, and which they are 
eyery day receiving, the publishers sabmit a few of the more recent. 

But we cannot forbear commpYidinfr e8pe<*ially both to instructora and pupils the 
whole of ih<» series, edited by those aceorapli«hvd scholars, Dra. Schiniiz and Zurapi. 
Here will be found a set of text-books that oombine the ezcellencee so long desired 
in this cia^ifi of works. 1'hey will not cost the student, by oue half at least, that wbicli 
he must expend for some other edaionci. And wlio wUl not say that this is a consider- 
ation worthy of atieniion ? For the cheaper our school-books can be made, the more 
widely will ihr-y be circulated aird a^ed. Here you will find, too, no useless display of 
notes nnd ol l^arnin|f, but in fool notes on each psge you have ever) thing necessary to 
the understnndin^ ol the text. The difhcult points are sometimes elucidated, and oiirn 
is the student reierred to the places where he can find light, but not without some effort 
of hii« own. We think that tlie punctuation in these books might be improved; t*ut 
t>iken as a whole, they come nearer to the wants of the times thau any within oar Iraow- 
ledge. — Southern College Review. 

From W; X Ao{/e) H'rentAam, Afa«»., March 22, 18^. 

They seem to me the heat and the cheapest school editions of the' classies that I have 
]»et seen. The itotee are ail that a teacher could, aiid ali thata studeiU should desire. 
C)n classical history and antiquities I think them particularly rich, and the maps add 
very much to the merit of the hooks Kaltschmidi's Dictionary- 1 adopted at a mauer 
of course, his so much supeiiur to all the other school diotlonariea that ^o oue who 
has examined it can hesitate to recommend it. 

From Prof. £. N. Newelly Masonic College^ Tenn.y June 2, 1852. 

I can ^ive you no better proof of the value which I set on them than by making use 
of them in my own classes, and recommending their ntse in the preparatory department 
of our infiUtution. L have read them through carefully that 1 might not speak of them 
without due examination, and I flatter myself that my opinion is fully borne out by fact, 
when I pronounce them to be the most usf.ful.and the most correct as well as the cheap- 
est ediiionM of Latin ClasKics ever introduced in this country. The Latin and English 
DietiouHry ^coiHains na much aS the studeiit can want' in the earlier years ofliis eourse; 
it contains more thtu I have ever seen compresaeU iato a book of thia kind. It ought to 
be the stud^it*s constant companion in his recitations. It has the extraordinary recom- 
mendattou ot'beingatonce portable and eompreheusive. 

, . fftomiPrqf, Z)^ Duncat^, Ratidol^^h Macpn College, Va., May 25, 1852. 

It is upiteet^^eary.fpr fni»to say anytbintg- respeotiag the text of Scbmitz and Zumpt's 
series. '1 he very names of the editors are a sufficient guarantee of their purity. The 
beauty of the typography, and the judieion's selection of notes will insure their ase by 
every experienced teacher, whilst their chQt^ness nnd convenient size will be a sure 
recommeiidaiioa to every parent. I lltink,' gentlemen that by the lepublication of this 
excellent fceries yon htVe raid tiie public und»*r strong obligations to >6u. We will use 
them'as fiMi<<asithoy- 6omt into our course, and I wiU reoommend theiis lo oor auoif rous 
pieparatory schools* Fiom the merits above oieotioned, they are desUued, in my opinion, 
to supersede most of the editions now in use jn our schools. 



BLANCHARD & LEA'S TV^lACArtOl^S.-^iEducational Works. ") 7 
SCHMTTZ AND ZUMPT'S CLASSICAL SERIES— ConHnued. . 






From the Rev. L. Van BQkJp^eiif Principal of St, Timothy''s Hall^ Md., Feb. 18, 1852. 

Since you commenced ihe series I have invariably adopted the different works in pre- 
ference to ailoihera, and I now use lUem all, wiihtbe exception of ^^Q. Gurtius." 

From W. F., Wyersy New Loruion Atadany^ Feb. 14, \&Si. 

I have used iio other editions but yours since they made their fir^t appearance, and 
snalJ certainly continue to do so. 

Among the various editions of the Latin Classics, Sclimitz and Znmpt's series, so fkr 
as' yet publfshed, are at all times preferred, and students are requested to procure no 
oihet.— Announcement qf Bethany CollegCy Va. 



Uniform With SCHMITZ AND ZUMPmiASSICAl SEMS.— (Now Beady.) 
THE CLASSICAL MANUAL; 

AN EPITOME OP ANCIENT GEOGRAPHY, GREEK AND ROMAN 
MYTHOLOGY, ANTIQUITIES, AND CHRONOLOGY. 

CHIEFLY INTENDED FOR THE USE OF SCHOOLS. 

BY JAMES S. S. BAIRD, T. C. D., 

Assistant Classical Masier, King's School, Gloucester. 

In one neat volame, royal ISmo., extra cloth, price Fifly cents. 

This little volume fias been prepared to meet the recognized want of an Epi- 
tome which, within the compass of a single small volame, should contain tne 
information requisite to elucidate the Greek and Roman authors most com- 
monly read in our schools. The aim of the author has been to embody in it 
soch details as are important or necessary for the junior student, in a form and 
spRce cstpable of rendering them easily mastered and retained, and he has con- 
sequently not incumbered it with a mass of learning which, though highly 
valuable to the advanced student, is merely perplexing to the beginner. In the 
amount of information presented, and the manner in which it is conveyed, as 
well as its convenient size and exceedingly low price, it is therefore admirably 
adapted for the younger classes of our numerous classical schools. 

From Mr. B. F. Stem, Fredericksburg, Fa., July 30, 1852. 

The Classical Manual T have perused with delight, and shall at once introduce in my 
school. It is a book that has long been needed, and I know of none where so muca 
varied matter can be found in so small a {>pace. 

From Mr. O. HammondyMonson, Mase,^ Aug. 6, 185:2. 

I shall introduce it into my school at once. It is just what we have needed for a long, 
long time. . , ^ . . . 

From 'Tfof:"trimble, Ktinyon College, O., Aug. 30, 1852. 

It rfiust recommend itself to the teachers in all the classical institutions within the 
Union, not only on account of its cheapness, but also for its excellent arrangement ; and 
it win he-a nne qua non compendious class-book for every studeni wishing to enter 
our colleges. 

From Mr. J. H. Noum, Washington, Aug. 17, 1852. 

I shall require eyety classical «tudeiit to possess a copy of <*Baird% Manual." 

From Mr. W. W. 'ClnrJce, (xonvetneur Wts'.Setk , If. T", Aug. 17, 1(^2." 

T admire it very much for the large amount of classical information so concisely afid 
clearly set forth, li is just the ihmg for students in tlieir early studies, and has long been 
a desideratum/ ; 

, . - From Mr. W. S. Bogart, Tallahassee, Fl, Aug. 7, 1652. 

It contains a va^t amount of geographiiial and classical information in a most concise 
compass, which adapts it equally to the pupil and ihe advanced student vcho wishes to 
review his classical knowledge. 



8 BLAKOtUftd Ic LEA'S VmaUOAnon&,--^£duiaiidhia W&rJ^^) 

A HISTORr OF aREEK eUSSIOAL LITERATURE. 

Bf THE ttSV. E. W. BROWNE, M. A., 

PiofcMDr of Claflsic«l Literatare in Kind's College, Londmi^ 
In OD^ very aett ▼otiin^^ ctowii 8vo., tztra e)»th. 
■hoxtly Ibllo'vred by & stinilar ▼oliUae on Roman tiiterattli«L 

FfMii Fn{/1 X il. Sp»neer^ Nn» Ytrk, March 10, 18S*2. 

tt fi en edmliUble vdlume. sefflclentty Ail I und copioes in detail, clear aad preeiee in 
style, very scholar- like in its execatioii, gonial in its critielsn. and altogether diaplay- 
iug a ibiiid well stored with the learning genius, wisdom, and exquisite tasie of the 
ancient Greeks. It is in adrance of eTeryUilng we have, and it may be considered 
indispensable to the classical aeholar and siudeal. 

Frmn Pr^. N. H. Grij^n, Willianu College, Mass.y March 23, l&SL 

A valnab'e eompend, embracing in a small compass matter which ilie atadeat woaid 
have to go dver tiath ground to gather for himselH 

Prom Prqf. M. F. Hyde, Burh'ngton College^ N. /., Feb. 10, 1853. 

This book meets a want that has long been felt of some single work on the subject 
presenting to the siatieht and general reader, in a popular form, inlbrmaiton ^nridely di8> 
perked through a great variety of publications, and nowhere combined into one whole. 
Mr. BrOwne^s selection 6f materials is judiciously made, and presented in a persiMea- 
ous, elegant, and agreeable manner. 

From Frof. Gesiner Harrison, University (f Ta., Feb. 38, 18flB. 

I am very favorably impressed with the work from what [ have 9een of it, and hope 
to find in it an important help for my etassof history. 9ach a work n very nmeJi needed. 

In this ield, following the saoeessfal aesidnity of others, Mr. Browne enters vvith the 
relish of an amateur aiiu the skill of a connoisseur, profiting by the la bors^ of his prede- 
ces^ors, and bringing the tested results into ihe compass of a most vaMflble book ; one 
very mach to onrtasie. giving a satisfactory account of the langtinge, the authora^he 
works which, while Greece herself has passed away, render her name imRiortaJ. The 
history is divided into two periods ; the first extends from the infancy of its literature to 
the time of the Pisistrattdas; the other commences with Simonides. ajid ends with Aris- 
totle. We commend our author to the favorable regard of professors and teachers.— 
Mahx>dist Quartet ty Ribiew, South, 

Mr. Browne's present publication has great merit. His selection of materials is jndi- 
eiou§1y adapted to the purpose of conveying wiihin a moderate compass some definite 
idea of the leading characieriMies of the great elassical authors and iheir works. • • • • 
Mr. Browne has the hni>f>y art of conveying information in a most arreeable. iiMnner. 
It is impossible to miss his meaning, or be insensible to the charms of ois polished style. 
Suffice it to say. that be has in a very readable volume, presented much that is nsefal to 
the classical reader. Besides biographical information in reference to all the classical 
Greek authors, he has furnished critical remarks on their intelleciual peculiarities, and 
an analysisof their works when they are of sufficient importance to deserve it. — London 
Athtnaum. 

This book will bt of great value ie the stndent.^JRMiMns^. 



QEOQAAPHIA CLASSICA: 

OR, THE APPLICATION OF ANCIENT GEOGRAPHY TO THE CLASSICS, 
fiy ^AMtTKL BuTLKR, D J>., latc Lord Bishop of Litchfield. Revised by his Son. SixUi 
American, from the last London Edition, with Questions on the Maps, oy JoBic FaosTi 
LL. D. In one neisit voliiihe, royal 12mo., half bound. 



AN ATJ-AS OF ANCIENT QEOQAAPflY. 

By Samt7M< Bt'TLEB, B. B , late Lord Bishop of Litchfield. In ene octavo volume, half 

OQuud, contaiuing twenty-one quarto colored Maps, and an accentuated Index. 



ELEMENTS OF UNIVERSAL HISTORY. 

On anew plan; from the Creation of the World to the Congress of Vienna, with a 
Summary of the Leading Events since that time. By H. Whitb. Edited, with a 
Series of Question*, by Jobn S Hast, Principal of the Philadelphia High School 
in one very large royal Ishno. volume, half bound. 
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. NB^ AKD XMFROVHD EDITION— (Now Ready.) 

OUTLINES OF ENGLISH LITERATURE. 

BY THOMAS B. SHAW. 

Professor of English Liierature in the Imperial Alexander Lyceum, St. Petersburg.. 

SECOND AMERICAN EDITION. 

WITH A SKETCH OF AMERICAN LITERATURE. 

* •' BY HENRY T. TUCK!ERMA]Sr, 

Author of ^'Characteristics of LiteraUire,*' '-The Optimist," &c. 

In one large and handsome volume, royal 12mo., extra cloth, of about 500 pages. 

The object of this work is to present to the student a history of the progress 
of English Literature. To accomplish this, the author has followed its course 
from the earliest times to the present age, seizing upon the more prominent 
<* Schools of Writing," tracing their causes and effects, and selecting the more 
celebrated authors as subjects for brfef 'biographical and critical sketches, ana- 
lyzing their best works, aiid thus presenting to the student a definite view of the 
development of the language and literature, with succinct descriptions of those 
books and men of which no educated person should be ignorant. He has thus 
not only supplied the acknowledged want of a manual on this subject, but by 
the liveliness and power of his style, the thorough knowledge he displays of his 
topic, and the variety of his subjects, he has succeeded in producing a most 
agreeable reading-book, which will captivate the mind of the scholar, and re- 
lieve the monotony of drier studies. 

This work having attracted much attention, and been introduced into a large 
number of our best academies and colleges, the publishers, in answering the call 
for a new edition, have endeavored to render it still more appropriate for the 
student of this country, by adding to it a sketch of American literature. This 
has been prepared by Mr. Tuckerman, on the plan adopted by Mr. Shaw, and 
the volume is again presented with full confidence that it will be found of great 
utility as a text-book, whereverthis subject forms part of the educational course; 
or as an introd^otion to a systematic plan of reading. 

From Prqf, R. P. Dunn, Brown University j April 92, 1852. 

I bad already determined to adopt it as the priiioip^l book of reference in my depart- 
ment. This is the first terra in which it has been u»ed here ; but from the trial which I 
have now made of it, I have every reason to congratulate myself on my selection of it 
as a text- book. 

From the Rev, W. G, T, Sheddy Pntfessorof EngHsh LHertUure in the University qf Vt, 

I take ffreat pleasure in saying that it supplies a want that has long existed of a brief 
history o7 English .literature, written in the right method and spirit, to serve as an intro- . 
duciiou to the critical study o( it. 1 shall recommend the book to my classes. 

From James Shannon^ President of Bacon College., Ky. 

I have read about one-half of " Shaw's Outlines," and po far I am more than pleased 
'with the work. I concur with you fully in the opinion that it supplies a want long felt 
in our higher educations;! institutes of a eriiical hts^oxy oyf JgngUsh literature, occupying 
a reasonable space, and written in a manner to interest and attach the attention of the 
student. I iMneerely desire that it may obtain, as it deserves, an extensive circulation. 



  i» ' 



HANDBOOK OF MODERN EITROPEAN LITERATURE. 

Sritisb, Danish) Dutch, French, &erman,. Hungarian, Italian, Polish and Rus- 
sian,. Portuguese, Spanish, and Swedish. With a full Biographical and' 
Chronological Index. By Mrs. Foster. In one large royal 12mo. volume^, 
extra cloth. ITnifOrm with " Shaw's Outlines of'English Literature «>'- 



l6 ]ftLA:)9CRAR]> A^ LEA'S FCrBLICATK>NS.--(SSe£0ii«tf.) 

UBtttSS OP IliLTOTffiLTID SOffiRTinD W0BB5. 

▲ Mries of beatitifolly priated ▼otoinea oo tarioos brtoches of acienee, by the 
moat eminent men in their respective departments. The whole printed in the 
handaomett atyle, and profaiely embeUiihcfd in the moat efficient nnanner. 

fCT No exj^nie has been'or wUI be ■parMi to render tiili^aeTiea wortfiy oftheaapport 
of the acientinc public, while at the sapitt time it is one of the handsomest apeeiniensof 
typographical and artistic execmion which have a^ppeared in thia eoontry. 

DB I«A BKCHB'S QBOIiOGT-CJwat laaweA.) 

THE G-BOLOaiCAL OBSERVER. 

BY SIR HENRY T. DE LA BECHE, C. B., F. R. S., 

DirectOT-Geoeral of the Geological Sarvey of Great Britain, &e. 
Ill one Very large and handaome octavo volume. 
WITH OYER THREE HUNDRED WOOI>-Ot7TS. 



We have here pvesented lo na, by one admirably qnaiified for the task, the hmmi com- 
plete eompendinm of the science of geology ever produoed, in which the diiferent ha» 
which lall ander the eof nizancc of this branch of nataral science arc arranged nnder 
the different causes by which they are produced. From ihe style in which tne subject 
is'treated, the work is calculated ndi only for the use of the professional gebfogist bat 
foir that of the uninitiated reader, who'^tl find ia it ibueh curious and intereaiing' iafor- 
matlon Sin the changes which the mirfaeeof our globe has undergone, and the hiatoiy of 
the various striking appeai^noes which itpreaenta Voluminous as the work is, it » 
not rendered unreadable from its bulk, owing to the judicious subdivision of ita conlenu, 
and tlie co|Hons index which is appended.-woAn SuU. 

Havinv had su'cH abundant opportnmties, no one covid be fbhnd so eitpable of direet- 
irtg the labors of the young geolotfist,o^ to aid by his own expedenee the atndiiieef dHse 
Who may not have been able to range to extenalveiy over the earth's anirface. W« 
strongly recommend Sir Henry De la Becbe's book to those who deaite to know wku 
has been done, and to learn something of the wide examination which yet liea ««i&s( 
for the industrloMs observer.^ 2%« Aihenaum. 



KNAPP'S OH EM re A L tECHMOLOaY. 

TECHNOLOGY; or, CRKximT Applied to Tttt Akt» and to MAkutactcwo, 
By Dk. F. KiTAFF, Profeeaor at the University of Oieaaen. Edited, with no- 
merous Notes and Additions, by Dk. Edkuitd Ronalds, and Dm. TH(niAt 
Richardson. First American Edition, with Note* arid Additiona by Prof. 
Waltek R. Johnson. In two handsome octavo volumes, printed and illas- 
trated in the faSgheat aCyte of art, with' About 600 wood edgraviaga. 

.The style of excellence in which the first volume was got uY) is fully pfeaeiVed in An. 
The treatises themselves are admirable, and the editing, both by the English ouid An»eri- 
can editors, judicious ; to that the work maintains itself as the beat of the series 16 whick 
it belongs, and worthy .t,he attention of all interested in the aru of which it treats.— 
Fratikhn IrutUi44i XourftcU. 



WEiSBACH'S MEOHANiCS. 

PRINCIPLES OF THE MECHANICS OF MACHINERY AND ENGINEER- 
ING. By PROFBiSOK JuLiiia Weibbacr. Translated and Edited by Pnor. 
GoKDON, of Glasgow. First Afflierrcan Edition, with Additiona by Psor. Wau 
TBR R. JoHHioN. In two octavo volumea, beautifully printed, with 900 illua- 
trationa on wood* 

The moat valuable oontributidnB Uv prkbtieal aei^hee that haa yet appeared in thii 

eouQiry. — A$hernBum. 

Unequalled by any thing^ of the kind y'^t pr'odriced in this country— the most standard 
book on mechanica, machinery, and eiigineertng now eiiaiit.— iV. Y. P^mtHertktl. 

In every way worthy of being recommeuded to our readers — Franifc^fis Insii$ut4 
Journal. 
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O^llPBH^B/S OOHPABATm: BH'W^.pGY-r.^Inftt iMMd.) 

PRINCIPLES OF GENEIIAL AI^P^OMPARATIVE PHYSIOLOGY; in- 
tended as an Introduction to the 8tudj of Human -Physiology, and as a Gnide 
to the PhilppQphic9l Pursuit oflfaturakljiatpry. Bj William B. Cabfeittui, 
M. D., F. R. S., author of « Human Physiology |<' ** VegeUble Physiology ,'> 
.fcc.:&c. Thii^d inp^proved .and eoJ vged ptdUion. In .ope very large vn^ hanci* 
some octa?o Toi^nne^iWithseveralhundred beautiful illuptrations. 



MULLER>8_PHYSIC8. 

PRINCIPLES OF PHYSICS AND METEOROLOGY. By Pmoresso* J. MtTL- 
LEB, M. D. Edited^ with Additions, by R. EoLissrELp GBirpiVH, M. D. In 
one large and handsome octavo '▼olume, wiih 560 wood*«nts and two coloj'ed 
plates. 

Th«'SCy|e-4n.iwhioh'Ae volcnie is pobUsh^d is in ibe highest degree creditable to the 
enterpjdse of the piibiishsrs. l\ comains nearly four hund/ed engraving* executed in 
m, style pf ex.txfu>.cdii^ary elegfinpe. We commeud the book to general faTor. it is the 
beat of lis kind we haVe ever seen.^-i^. T. Courier and Srtguireri 



REnWOOD, AND PBOOOSR'B PHASMAOS'. 

' PRACTICAL PHARMACY : €ompnsiog . the ArrangeiDents, App^atas, aB/d 
•BlanipitlatioBS of' the Fbarmaeeutical Shop. and ..I^iboirelory. By FBABCJis 
MoRB, Vhji>., Aesesaw Pbarmacia of the Royal Pruii^itn College of Medietne, 
' GobleDts ; and TsBomiLps Redwood, Professor of. Pharmacy in the Pl^armi* 
eentical Seeiety of Great Britain. Edited, with titeasive .AddiMQOfli by. Pbot. 
WnxiAK Pbocteb, of the Philadelphia College of Pharmacy. In one hai^- 
somely printed ooiavo volume, of 670 pages, v^th over: 600 engravings oa 
wood. 



THE MILLWRIGIHT*S GUIDE. 

THE MILLWRIOHT-S AND MILLER'S GUIDE. . By Olivbb Evabs. Eleventh Edi- 
tion. With Additions and Corrections by the Professor of Mechanics in the Pranfelln 
. institute, and a descxipUon pf.an improved Merchant Flour MiJl. By C. and O. Evans. 
In one octavo volume, with numsfoas sngrwviags. 

HUMAN HEALTH ; or, the Influence of Atmosphere and Locality, Change of Air and 
Climate, Seasons, Food. Clothing, Bathin^r, Mineral Spniios, Elxercise. Sleep, Corporeal 
.aud Mental •P.ursnits, Ac! Ac, on Healthy Man. constituting Elements of Hygiene. 
By-Robley Diihglisoii, M D. In one octavo volume. 

T»E ANCIENT. WORLD ; OR PICTUHESQUE SKETCHES OF CREATION. By 
D. T. Ansted, author of '*■ Elements of Ooology ,'V Ac. In one neat volume, royal l&oo i 
vnth anmerous illustrations. 

A NEW THEORY OF LIFE. By S T. Coleridge. Now first published from the 
original Md. In one small 12rao volume, cloth. 

ZOOLOGICAL RECBEATION8. By W. T. Broderip, F. R. S. From the. second 
London edition One volume, royal ISrao., extra cloth. 

AN INTRODUCriQN TO ENTOMOLOGY; or, Elements of the Natural HUtory of 
Insects. By the Rev. Wm. KirUy. aqd Wm. '^pence, F. R S. From the siitb Lonqon 
edition. In one large octavo volume, with plates, plain or colored. 

THE RACES OF MEN ; a Fragment. By John Kf)»ox. In one royal 12mo. volume, 
enra cloth. 

AMERICAN ORNITHOLOGY. By Chartes Bonaparte. Pr'nee of Canino. In four fblio 
volumes, half bound, with numerous magnificent colored plates. 

^CTUiUBa ON THE PHYSICAL. PHENOV^A OF LIVING .PEINQS. By 
Carlo Matteucci. Edited by Jonathan Pereira,.M D. \n one royal Ifimo. volurtke, 
extra cloth, with illustratioiis. "' , 
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GBAHAM'S OHEHnSTRT, NEW BBiriON. Put I.*(Vow RMdy.) 

ELEMENTS oF CHEMISTRYj 

INCLUDING THE APPLICATIONS OF THE SCIENCE IN THE AR 

BY THOMAS GRAHAM, F. R. S., &o.| 

ProfesKor of Chemistry in University Colleg«, EiOiidon, &,c. 

Second Axnericani from an entirely Revised and greatly Enlai^ed English Sdil 

WITH NUMEROUS WOOD ENGRAVINGS. 

Emtsd, vvith Notks, bt ROBERT BEUDGES, M. D., 
Professor of Ciiemistry in the Philadelphia College of Pharmacy, &c. 

To be completed in Two Parttj forming, one very large octafo volumet 

PART I» BOW ready, of 430 large pages, with 185 engravings. 
PART II, preparing for early publication. 

fVem the EdUot*8 Preface, 

The *' Elements of Chemistry," of which a second edition is now present 
attained, on lU first appearance, an immediate and deserved reputation. 1 
copious selection of facts from all reliable sources, and their Judicious arranj 
ment, render it a safe guide for the beginner, while the clear Exposition of tl 
oretical points, and frequent references to special treatises, make it a yalual 
assistant for the more advanced student. 

From this high character the present edition will in no way detract. T 
ffreat changes which the science of Chemistry has undergone during the inten 
have rendered necessary a complete revision of the work, and this has be 
most thoroughly accomplished by the author. Many portions will therefore 
found essentially altered, thereby increasing greatly the size of the work, whi 
the series of illustrations has been entirely changed in style, and neiarly doubi< 
in number. 

Under these circumstances but little has been left for the editor. Owing 
however, to the appearance of the London edition in parts, some years bav 
elapsed since the first portions were published, and he has therefore found oc 
casion to introduce the more recent investigations and discoveries in some sut 
jeots, as well as to correct such inaccuracies or misprints as had escaped th 
author's attention, and to make a few additional references. 



INTRODUCTION TO PRACTICAL CHEMISTRY, including Analysis. B; 

John E. Bowman, M. D. In one neat royal 12mo. volume, extra elothj with numei 

ous illustrations. 

DANA ON CORALS. 
ZOOPHYTES AND CORALS. By James D. Dana, In one volume imperia 

quarto, extra cloth, with wood-cuts. 
Also- an Atlas to the above, one volume imperial felio, with sixty-one magnifieeii 

?lAies, colored after nature. Bound in half morocco, 
'hese splendid volumes form a portion of the publications of the United States Explor 
ing Expedition. As hut very few copies have been prepared for sale, and as )hes< 
are nearly exhausted, all who are desirous of enriching th<^ir librnrits with this, the tnoa 
creditable sprcimeu of American Art and Science as yet issued, will do well to procar< 
copies 81 once.i . .... 

THE ETHNOGRAPHY AND PHILOLOGY OF TJIE UNITED STATES EX- 
PLORING EXPEDITION. By Horatio Hale. In one large imptrial quarto volume, 
beautifully printed, and strongly bound in extra cloth. 

BABON JSmmOltHTS LAST WOBK. 

ASPECTS OF NATURE LV DIFFERENT LANDS AND DIFFERENT 
■CLIJ^ATES With Scieittific Elucidations. By Alexander Von Uumholflt Trans- 
lated by Mrs. Sabine. Second American edition. In one handsome vol'aine large 
royal 12mo., extra cloth. 

CHEMISTRY OF THE FOUR SEASONS, Spring, Spmmeb, AimrMiT, and 
WiNTBB By Thomas Grifiiih. In one handsome volume, royal l2mo , exira cloil», 
With numerous illustrations. 
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